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A. E. FOOTE, 


4116 Elm Avenue, Philadelphia, Pa., U. S. A. 


New Mineral Species. 


Geikielite is a titanate of magnesia from the gem washings of Ceylon. All ex- 

cept small lots, sold to three museums, was secured. Small pieces $1 to $5 each. 

oleite, the beautiful chloride of silver, copper and lead whose unique twins 
change our ideas as to the simplicity of the cube, is believed by the discoverer to 
be exhausted. I secured from him nearly all that have been collected excepting a 
few which had been previously disposed of. Good cubes 10 cents to $5. The extra 
rare twins $1 to $5. Sections for the microscope $1.25. 

Svabite, the new arsenate of lime described by Prof. Sjégren of Sweden, is the 
oo mentioned in the new Dana’s Mineralogy. Groups of crystals 50 cents 

0 $2 each. 

i go was obtained during a week’s stay at the celebrated Langesund 
Fiord. This beautiful twinned beryllium-sodium zeolite is so rare that the discov- 
erer has no duplicates. Groups and contact twins 50 cents to $5. Twin crystals 
10 cents to $2. 

Other associated minerals such as Barkevikite, Catapleiite, Hiortdahlite, John- 
strupite, Caryocerite, Leucophanite, Meliphanite, Rosenbuschite, Orangite, Wih- 
lerite and many others. 

Crystals of Thorite, Xenotime, Monazite, Enstatite, Kjerulfine, &c., &c., collected 
at the localities in Norway at from 10 cents to $5 each. 

Besides the usual minerals from Nordmark, Sweden, very fine specimens of the 
yh —_—- chondrodites were obtained which are offered at from 10 cents to 

each. 


Christmas Presents. 


Is your friend a collector? A specimen of Rhodonite var. Paisbergite from the 
Harstig Mine, Sweden, would be a beautiful gift. Well crystallized specimens 25 
cents to $5.00. 

Selenite crystals from Sicily, the most beautiful ever seen, 10 cents to $5. Some 
showing sulphur and aragonite crystals in their limpid depths, 25 cents to $10. The 
Sulphur and Aragonite crystals and groups have never been equalled for their bril- 
liancy, perfection and beauty. Good specimens 25 cents to $3.50. Fine large speci- 
mens $3.50 to $10. The Calcite pseudomorphs after Aragonite are not only very 
beautiful but also instructive, 25 cents to $5. 

Fluors; the finest lot that ever came to America; brilliant purple specimens, 
some showing crystals four to six inches in diameter up to $15; blue, yellow, green 
and other colors at any price. Also new forms and colors of Calcites and Barites, 

Collections of Minerals for boys and amateurs from $1 to $10 a hundred 
specimens. - Hardwood boxes for the same $1 to $2.50. 

Price list of Minerals free. Catalogue of Minerals, 128 pages, free to customers or 
to others requesting it on headed paper, to others 5cents. Heavy paper 10 cents. 
Bound in cloth 25 cents. 


Rare and Valuable Books. 


Over ten thousand volumes have been purchased in the past few months. Price 
Lists free. Please mention the subject in which you are interested. 
Grey, Hon. Mrs. Ferns Printed from Nature. 2 vols. 449 plates 
— Grasses Printed from Nature. 172 plates, folio, hf. mor., 1863.... 10.00 
These two beautiful books are absolutely unique. Only a single copy 
was printed of each. 
Hamilton. Observations on the Volcanoes of the Two Siciles. 2 
vols. and supplement. 5 vols., 59 plates colored by hand, 1 map, folio, 
1776-79, fine condition. Sets with supplement are very rare and this isa 


Penna. Geological Survey. Complete set. 116 vols. $35.00. Ora set of 
Harvey. North Am. Marine Algae. 50 colored plates. 18.00 
Slliott. Monograph of the Family of Grouse. 27 colored plates. 
2 vols. 
Michaux. North Am. Sylva. 2 vols. 156 plates. Calf gilt. 1819........ 25.00 
Wood. Fresh Water Algae of North America_____...________.. .. 5.00 
Owen. Anatomy of Vertebrates. 3 15.00 
Dodonaeus. Stirpium Historiae. 1,000 illustrations of Plants. Folio. 
Say’s Entomology. Edited by LeConte. 2 vols. 54 §.00 
Smithsonian Miscellaneous Collections. 33 vols.............__..._... 75.00 


Pritchard Infusoria. 


ag 
Boyle. I 
Dana. System of Mineralogy. Last edition. 10.00 
Kuechenmeister. Parasites and Siebold Worms. 2 vols.......... 3.50 
a. Lake Superior. Half morocco ...................-...........-.. 12.50 
Chenu. Manuel de Conchyliologie. 4950 ills., many colored _......... 12.50 
Dufrenoy. Traite de Mineralogie. 4 7.50 
- Meidy’s Rhizopods of N. 850 
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AMERICAN JOURNAL OF SCIENCE 


[THIRD SERIES.] 


Art. LV.—An Experimental Comparison of Formule for 
Total Radiation between 15° CU. and 110° U.; by 
W. LeContTe STEVENS. 


THE earliest attempt to express the rate of cooling of a 
heated body was that made by Newton and embodied in a 
simple formula, which states that this rate is directly propor- 
tional to the difference of temperature between the radiating 
body and the medium surrounding it. It has long been known 
that this law is only approximately true when these tempera- 
ture-differences are small, and that it is wholly inapplicable 
when they are large. 

During the early part of the present century an elaborate 
research on the measurement of temperature and the com- 
munication of heat was made by Dulong and Petit.* Such 
instruments as the thermopile, the bolometer, and the galva- 
nometer had not yet been invented. Their method was to 
employ as radiating body a large thermometer whose bulb con- 
tained more than a kilogram of mercury. This was placed with- 
in an envelope which was kept at constant temperature and made 
nearly vacuous as quickly as possible after the introduction of 
the heated bulb. The rate of cooling was found to be a fune- 
tion of the temperature of the envelope, the latter being kept 
constant during any given experiment, but varied for ns 
experiments. For a given difference of temperature between 
the bulb and its enclosure it was found that the rate of radia- 
tion increases very nearly in. geometrical progression while 
that of the enclosure increases in arithmetical progression. If 


* Annales de Chimie et de Physique, vol. vii, 1817. 
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S represent the quantity of heat radiated in unit of time, @ the 
temperature of the enclosure, ¢ the excess of temperature of 
the radiating body over that of the enclosure, a a constant 
whose value they determined to be 1:0077, and m another con- 
stant whose value depends on the nature of the substance and 
the condition of its surface, the law of Dulong and Petit is 
expressed by the formula 
S = m(a)*(a'—1) (1) 

In order to compare this formula with others presently to be 
given, it will be best to express @ and ¢ in terms of absolute 
temperature. Letting T stand for the absolute temperature 
of the heated body, and T, that of the enclosure, we have 
0= T,—273, andt¢= T—T,. The formula now becomes 

S = 1) (2) 
The range through which the value of T—T, was varied in 
these experiments was 240° C., while the temperature of the 
enclosure was varied from 0° to 60° C. 

Subsequent investigators have tested the formula of Dulong 
and Petit, and have found that although it may seem to cor- 
respond nearly to the truth within the limits selected, it gives 
very erroneous results at higher temperatures, the radiation 
revealed by measurement being much less than that which is 
calculated by means of the formula. De la Provostaye and 
Desains tested it with thermometers whose bulbs were covered 
with a plating of metal, and found that under this condition 
the factor, m, varies with the temperature.* Draper, Tyndall, 
and Ericsson have published researches which showed the 
insufficiency of Dulong and Petit’s formula. This formula 
may therefore be considered now as of only historic interest. 

In an exhaustive comparison of the work done by these 
physicists, Professor Stefan, of Vienna, proposed a formula 
which, like those that preceded it, is empirical, but which cor- 
responds much more nearly to the results of measurement 
than does that of Dulong and Petit.+ He found that the 
amount of heat emitted in unit of time was proportional to 
the fourth power of the absolute temperature ; or, in the nota- 
tion already employed, 

S = mT* (3) 
Since there is an exchange of heat between the radiating body 
and the surrounding medium, the effective radiation is 


S= 
This is obviously reducible to the form 


* Ann. de Chimie et de Physique, III, xvi. 
+ Sitzungsberichte der K. Akademie der Wissenschaften, Wien, lxxix, 1879. 
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This formula has the advantage of great simplicity and ease of 


application. 

Almost simultaneously with the publication of Stefan’s 
paper in Vienna appeared an experimental research on the 
temperature of the sun, by M. F. Rosetti, of Padua.* Rosetti 
employed the thermopile and galvanometer for measuring 
the radiation from a Leslie cube covered with lamp-black 
and filled with water, which was stirred in order to secure 
uniformity. For temperatures between 100° and 300° mer- 
cury was substituted for water. In the liquid were immersed 
the bulbs of two thermometers whose readings gave the mean 
temperature at any selected moment. For still higher temper- 
atures a copper ball was heated to redness, then exposed at a 
tixed distance in front of the thermopile long enough to pro- 
duce a galvanometer deflection, and immediately afterward 
thrown into a calorimeter. The specific heat of copper being 
known, it becomes possible to compute the temperature of the 
ball at the moment of its immersion in the water. From 
these and other experiments Rosetti was led to adopt the 
empirical formula, 

= —4(T—T,) (5) 

Here a and } are two constants whose values for the particu- 
lar instruments he employed were determined to be a@= 
0°00000335131, and 4 = 0°0636853. Rosetti considered the 
first term of his formula to represent the heating effeet if the 
body were radiating in a vacuum, and the second term to rep- 
resent the radiation of the air in which the body is immersed. 
Comparing this with Newton’s formula, 

S= a(T—T,), 
it is seen that while Newton regarded the emissive power, a, 
as independent of temperature, Rosetti regarded it as propor- 
tional to the square of the absolute temperature. 

The accordance between the results of experiment and of 
calculation by means of this formula, as published by Rosetti, 
are quite remarkable, though the experiments seem liable to 
some criticism. Any assumptions regarding the uniformity of 
temperature in a Leslie cube are subject to challenge, if the 
water be not kept boiling. The calculations of temperature 
from calorimetric measurements is usually affected with a large 
probable error. For temperatures higher than those employed 
in calorimetry Rosetti used small disks of metal which were 
rendered incandescent in the hottest flames at his command, 


* Annales de Chimie et de Physique, V, vol. xvii, 1879. 
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and their radiation while thus glowing was measured by means 
of the thermopile. Finding his formula apparently satisfae- 
tory, he assumed it to be applicable to yet higher temperatures. 
Exposing his thermopile to the sun and comparing the deflec- 
tion thus obtained with that given by a body of known temper- 
ature and area, at a known distance, the temperature of the 
sun was computed to be about 10,000° C. The work done by 
Rosetti was valuable; but his formula, involving two unde- 
termined constants which vary with every thermometric instru- 
ment employed, may be considered, like that of Dulong and 
Petit, as of little more than historic interest. 

In 1888 an important communication regarding the radiation 
of solid bodies was given to the Berlin Academy of Sciences 
by Professor H. F. Weber, of Ziirich.* He had been engaged 
in an extended investigation of incandescent electric lamps for 
the purpose of finding, if possible, a general formula for the 
relation existing between the quantity of light emitted, the 
area of the radiating surface, the quality of the substance 
raised to incandescence, and the amount of electric energy 
expended. Among the results attained was the establishment 
of a formula expressing the relation between the intensity of 
any selected homogeneous radiation, the corresponding wave 
length, the temperature, and the quality of the radiating sub- 
stance. An indispensable factor in the determination of this 
formula was the previous admirable work of Langley on radia- 
tion from the sun and various terrestrial sources, expressed in 
an energy curve which is now familiar to all physicists. From 
the study o: this energy curve and of all other published 
results that were accessible, as well as his own experiments, 
Weber obtained the following formula: 

= enF +. 

Here 7 denotes the absolute temperature of the radiating 
body, expressed in degrees centigrade, 4 the wave length of 
the homogeneous radiation considered, /’ the area of the 
radiating surface in square centimeters, e the base of the 
Naperian system of logarithms, and s the amount of energy 
radiated by the body in all directions in unit of time. The 
constant, ec, depends on the nature of the radiating surface; it 
is the “emission constant.” The constant 4° depends also on 
the nature of the radiating body. Its mean value, as deter- 
mined from a large number of experiments has been found 
to be 

= 0°196 x 


* Sitzungsberichte der K. Akademie der Wissenschaften, Berlin, 26 Juli, 1888. 
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To determine the value of the constant a, experiments were 
made upon a variety of solid conductors, including carbon, 
platinum, iron, and copper, raised to incandescence. For each 
of these the same value was found, 
a = 0°0048 
If it be desired to find the total radiation, rather than that 
of a single wave-length, the equation just given must be inte- 
grated between the limits A=VandiA=«. We have then 
for the total radiation, 8, 
S=/ 


0 


The result of the integration is 
T 
T 


Or, letting C represent the total emission constant, $z4/z cb, we 
have 


aT 
S=CFe T 

If the radiating body be surrounded by another body whose 
constant absolute temperature we may call T,, there is mutual 
radiation between the two, and the resultant radiation of the 
first becomes 

aT ato 
S=CFe T—CFe T 


This is obviously reducible to the form 


T/T a(T—T, 
S=CFe ’—1) 


Here the quantity outside of the parenthesis is made up of 
constants, and the variation of S is dependent only on T. 
For purposes of comparison therefore we may employ only 
what is found within the parenthesis. 

This formula has been tested by applying it to the results of 
experiments already published by Schleiermacher, Graetz, and 
Magnus in Germany, Bottomley and Tyndall in England, 
Violle, Garbe, Becquerel and Mouton in France, and Langley 
and Nichols in America. A part of these results were in- 
cluded in the communication to which reference has already 
been made. 

In testing Stefan’s formula* Schleiermacher measured the 
loss of energy sustained in unit of time by a platinum wire, 
heated to a given temperature within a good vacuum by means 
of the electrie current and surrounded by an envelope kept at 


* Wiedemann’s Annalen, xxvi, p. 287. 
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a lower fixed temperature. The temperature of the wire was 
deduced from the variation in its resistance. The result was 
to show that for low temperatures Stefan’s formula gives 
results that are too great, and for high temperatures they are 
too small. The application of We ber’s formula to Schleier- 
macher’s data yields results that are more consistent. 

The following experiments have been made with a view to 
comparing the formulas of Dulong and Petit, Rosetti, Stefan 
and Weber in their application to temperatures but little 
removed from that of the atmosphere, not employing the 
indirect method of Schleiermacher, but measuring tempera- 
tures directly with the thermometer and radiation with the 
thermopile. 

The radiating body was a metallic disk instead of the Leslie 
cube. A hole was drilled into it, parallel to one of its flat 
surfaces and extending nearly to the center. This was for the 
reception of a thermometer. The disk could therefore be 
raised to any desired temperature within the range of the ther- 
mometer, and its temperature be noted at any moment while 
it was cooling. One face was kept always scrupulously clean 
and smooth so as to prevent variations in emissive power. This 
face was turned toward a thermopile at a fixed distance from 
it. The thermopile was enclosed in a double-walled box of 
sheet brass for the purpose of preventing draughts and other 
disturbances that might affect its temperature. Through the 
cover of this box a delicate thermometer was passed, so that 
its bulb rested almost in contact with the thermopile. Varia- 
tions of temperature within the box were thus measurable to 
within a hundredth of 1° C. In the end of the box turned 
toward the disk was a ‘circular opening, 7 in diameter, pro- 
vided with a double-walled adjustable brass cover. This was 
controlled by means of a string so that the thermopile could 
be exposed to radiation for a brief interval and then shut off 
from this. The thermopile was connected with a very delicate 
mirror galvanometer of low resistance, and all readings were 
taken by means of telescope and scale. The sensitiveness of 
this galvanometer was tested from time to time by putting it 
in cireuit with a standard Clark cell and a resistance of 72,000 
ohms. Around the suspended disk, except on the side toward 
the thermopile, double brass screens were placed, and a screen 
also above the space between it and the box. Disturbing air 
currents were thus avoided, not completely, but as far as pos- 
sible. The entire apparatus was in a basement room whose 
temperature remained very nearly constant from day to day. 
A thermometer, hung outside of the brass screens, permitted 
comparison between the temperature of the room and that 
within the box containing the thermopile. 
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Before beginning any one series of observations, readings 
were taken from each of the three thermometers. These had 
of course been previously compared and found reliable, so 
that the correction for difference between them was very 
small. The disk had been hanging in position for some hours, 
but on exposure the thermopile alwe ays indicated a slight dif. 
ference of temperature between itself and the disk, amount: 
ing to one or more scale divisions. This deflection was 
recorded, to be used as a correction to subsequent readings. 
The disk was then remov ed, heated up to a given temperature 
in exeess of any to be measured, and hung again in position. 
After a few minutes its temperature was noted, the thermopile 
exposed long enough only to produce a throw of the galva- 
nometer needle, the temperature of the disk immediately 
again noted, and also the temperature of the thermopile as 
indicated by the thermometer in the box. This procedure 
was repeated at intervals of two minutes during one or two 
hours, in which the disk became cooled down to a temperature 
differing but little from that of the room. 

The arrangement of apparatus and the procedure just de- 
scribed was that finally adopted after many days had been 
spent and many hundreds of observations taken which had 
failed to yield satisfactory results. With the utmost care it is 
impossible to exclude air currents from the disk, and hence 
irregularities in its radiation. The same remark would apply 
equally to the Leslie cube, with the additional consideration 
that convection currents within the cube during its cocling 
would be very hard to control, even with assiduous stirring. 
At each exposure of the thermopile the air around it becomes 
warmed slightly by the disk, and it cannot be assumed that the 
temperature of the room is that of the thermopile after the 
first few exposures have been made. By enclosing the instru- 
ment in a box, this warm air, it is true, is prevented from 
passing away ; but this disadvantage is much more than offset 
by the possibility of measuring and recording the increase of 
temperature, for which a curve of corrections is afterward 
made. 

To continue any one series of observations until the differ- 
ence of temperature between disk and thermopile vanishes is 
obviously impossible. Even when this difference amounts to 
several degrees disturbances are apt to produce such irregu- 
larities in the indications of the thermopile as to introduce 
serious error. By artificially cooling the disk until it seemed 
to indicate the same temperature as the box it was found that 
uncontrollable errors were introduced. It was best therefore 
to allow the cooling by radiation to continue until a tempera- 
ture-difference of 5° or 10° remained, recording the corre- 
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sponding deflections at the usual intervals. To find out what 
would be the residual deflection, if this temperature-difference 
as indicated by the thermometers were reduced to zero, advan- 
tage is taken of the fact that for such small differences the 
curve expressing the radiation is approximately a straight line. 
Taking therefore the recorded small temperature-differences 
as abscissas and the corresponding deflections as ordinates, a 
straight line is drawn through the points thus found. Pro- 
longing the line in a negative direction until it cuts the axis 
of ordinates, the distance of the point of intersection above 
or below the origin gives the correction to be applied to these 
final readings. The correction to the initial readings having 
been taken before heating the disk, and the slight variation of 
temperature in the box having been recorded, we have the 
means of constructing at least an approximate curve of cor- 
rections for all intermediate readings. 

It is scarcely necessary to add that all thermometer readings 
were corrected for the difference of temperature between bulb 
and tube, and that all scale readings were reduced to those 
which would have applied to a circular are. 

The disk employed in the majority of the experiments was 
made of iron, though a number of measurements were made 
also with one of copper of the same dimensions. The distance 
from disk to thermopile was kept constant for each single series 
of observations. but this distance was varied from 30™ to 
40™ according to necessity, and the sensibility of the galvan- 
ometer likewise varied, for different ranges of fall of tempera- 
ture. The superior conductivity of copper ensures quicker 
equalization of temperature throughout the disk of this metal, 
but that of iron is amply sufficient, while its higher coefficient 
of emission makes the experiments less tedious and less subject 
to error than when a disk of copper is employed. The disk con- 
stitutes a short cylinder whose radius is 7 = 73°" and whose 
length is 2 7 = 1:4™ or the distance from center to flat surface 
of the cylinder is? =0:7™. It can be shown* that if a ther- 
mometer hulb be placed within such a cylinder of heated iron at 
its center, and if it be assumed that a brief interval of time, such 
as one minute, has elapsed, then between the center of the 
disk and the nearest point on its face, at a distance of 0-7™ the 
absolute temperature does not vary more than 00002 of itself, 
or 0°02 of 1 per cent; also that the temperature-difference 
between center and circumference of the flat surface, an inter- 
val of 7-3, does not exceed 0°18 of 1 per cent. It is safe to 
assume therefore that no error so great as the necessary errors 
of observation can be introduced by accepting the temperature 


* Lectures of H. F. Weber on the Theory of Cylinder Functions and their appli- 
cation to the Problems of Physics. 
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indicated by the thermometer as the temperature of the radia- 
ting surface. 

The method of work and the degree of accuracy attained 
may now be further illustrated by tabulating some of the 
results. 

Tables I and II exhibit two independent series of measure- 
ments, on a fall of temperature through 40° C., the initial tem- 
peratures being approximately 60° C. as shown. For con- 
venience the tables are arranged in the order of the intervals of 
time included in each, rather than in that of increasing tem- 
perature-difference which would on some accounts be prefer- 
able. The measurements were on the radiation of the iron 
disk. For the series indicated by Table I the initial deflection 
obtained before heating the disk was 0,= +03 scale division. 
The disk was then heated up to a temperature a little in excess 
of 60° and hung in position. While it cooled down to 21°6 a 
series of 57 observations were made at intervals of two 
minutes. The residual correction was then found to be 
6,= —2°0 scale divisions. The sensitiveness of the galvanome- 
ter remained unchanged during the 114 minutes of work, while 
the temperature within the box was raised from 16°16 to 
16°72. For the purpose of tabulation the absolute tempera- 
tures, time intervals, and corresponding galvanometer deflec- 
tions were obtained by interpolation for intervals of 5° in suc- 
cession, after all necessary corrections had been applied to the 
recorded readings. The horizontal column H gives the hour and 
minute at which the record thus obtained should have been 
made. Column T gives the absolute temperatures of the 
disk, T, those of the thermopile, and T — T, the temperature 
differences. Column E gives the experimental result in radia- 
tion, as obtained in scale divisions of deflection. Column W 


T-T, 
T , which is the factor 
0 
involving the variable, T, in Weber’s formula. Column 8 


4 


gives the numbers for é :— 1), involving the same variable 


gives the numbers for 


in Stefan’s formula. Each number thus obtained by formula 
is then divided by the corresponding values of E in the same 
vertical column obtained by experiment. The quotients are 
arranged in the horizontal columns W ~ E and § + E respec- 
tively, and multiplied by a power of 10 for the purpose of 
avoiding inconvenient decimals. This has no influence since 
our object is only that of comparison. Ifa formula be cor- 
rect, and if the measurements be free from error, the numbers 
contained in the corresponding horizontal column of quotients 
should be identical. If they progressively increase or decrease 
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through the series, this shows that the formula gives results 
that are progressively too high or too low, as the case may be. 

The explanation just given applies equally to Tables IT, III 
and LV, the last two of which represent a fall of temperature 
thro ough 80°. 

TABLE I. 

H gh 29m gh 33m gh 39m gh 45m gh 53m 3m JOhT9M gm 
T 33416 329-20 32426 319°33 314-43 309°52 30461 299°65 294-72 
28916 28920 289°26 289°33 289-43 289°52 289°61 28965 289°72 


T-T, 45 40 35 30 25 20 1h 10 5 
K 419°1 366°9 10 1266 83°8 41°3 
W 0-403 0°352 0°302 0°255 0°210 0°165 0°122 =6°040 
0°783 0°485 0°392 0°225 0°145 0°069 
W+E 962 959 957 964 960 965 964 $66 968 
S+E 187 185 183 183 179 179 178 175 167 
TABLE II, 
H 9b 9h gh 10h 5™ 10h 43m 102 24m 11h37™ 
T 332°98 32808 323°18 31832 313°46 308°63 303°82 299:°00 294:13 
To 287°98 288°08 288°18 288°32 28846 288'63 28882 289°00 289°13 
T—T, 45 10 35 30 25 20 15 10 5 


4261 3744 2219 173°% 1273 42°0 
W 0-403 0°352 0302 0:°255 0-210 6155 0122 0-080 0-040 
0783 0680 0578 0485 0225 0145 0:069 
W+E 946 940 940 941 946 950 958 945 952 
S+E 184 182 180 179 177 176 177 171 164 
TABLE III. 
H 105 16™ 10520™ 105 25™ 105 30™ 105 36™ 105 44™ 102 54m gm 
38£21 37425 36433 35440 34449 33457 324°65 314°70 30470 
Tyo  289°21 289°25 289°33 289°40 289°49 289°57 289°65 289°70 289-70 
T—T, 95 85 75 65 55 45 35 25 15 
K 1750 138°7 103 9 12°2 42°0 
W 0999 0865 0619 508 0403 0302 0210 0-122 
2-113) -1°8038 1249 1006 0780 0578 0:392 0:225 
W+E 287 286 288 289 290 290 291 291 290 
S+E 608 596 591 583 575 562 556 543 536 
TABLE IV. 


3 
5 355°43) 345°50 335°61 32568 315°71 305°81 
3 29043 29050 29061 290°68 290°71 290°81 


H 104 35™ 10839" 
385°27 
290°27 290°30 290°3 


T—T, 95 85 75 65 55 45 35 25 15 
432°0 376°0 320°0 266°2 218°2 129°5 89°8 52:6 
W 0999 0O'865 0739 O619 0403 0302 0210 0:122 
2113 1-803 1514 1:249 1°006 0°780 0°578 0°392 0°225 
W+E 231 230 231 233 233 233 233 234 232 
S+EKH 489 480 473 469 461 451 446 437 428 


If now each one of the series of numbers in column W + E 
or S + E be divided by the mean of the series the successive 
quotients will differ but little from unity, The corresponding 
horizontal column of results we may eall the column of devia- 
tions. If the numbers in this column be represented by a curve, 
with temperature-differences for abscissas, this curve should be 
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very nearly a straight line parallel to the axis of abscissas. It 
will be most convenient to arrange such a series therefore in 
the order of increasing temperature-differences, which is the 
reverse of that in the tables just given. Any irregularities in 
the curve must be due to the errors of experiment, and partly 
to the fact that logarithmic results are only approximations. 
Table V is made up of the deviation columns from five inde- 
endent series of observations ranging through 40°, to which 
Weber’s formula has been applied. Table VI contains the 
application of Stefan’s formula to the same series. 
Table VII shows Weber’s formula, and Table VIII Stefan’s 
formula, applied to six independent series of observations 
ranging through 80°. In each case the mean of each vertical 
column is shown. 


TABLE V.— Weber. 


T—Ty 5 10 15 20 25 30 $5 40 45 
I 0°989 1005 1007 1007) 1001 1:007 1:007 
III =1°002 0-998 1:°003 0-998 0-995 O'997 0°999 
lV 1:006 1°006 1006 0°994 0:993 
V 1°002 1°009 1011 0-996 0°996 0996 O°997 
Mean 0°999 0:998 1:006 =1°006 1002 0996 0995 0999 0999 
TABLE VI.—VStefan. 
T—Ty 5 10 15 20 25 30 35 40 45 
I 0906 O971 0-998 1008 =1°040 1°046 
II 0°928 0980 0:998 0-995 1000 1-008 1017 1°025 1°045 
Ill 0°928 0°987 0-988 0°995 0:999 1°016 1-021 1:007 17039 
IV 0-973 0 983 0989 0-997 10900 1°043 1-024 
V 0977 O986 0993 0:988 1°002 1012 1°020 1°026 
Mean 0921 0-978 0°989 0:994 0998 1:008 1017 1°023 1°036 
TABLE VII.— Weber. 
T-—T, 15 5 35 45 55 65 %5 85 95 
I O9TT 0°997 1:001 1°014 1024 0°992 1:006 0:996 
II 1004 1006) 1°005 1003 07999 0988 0°996 
1:009 1:003 1:002 0-999 0°993 0-990 0-993 0°995 
IV 0°997 1011 1°002 1002 0°997 0-990 1014 1°001 1017 
V 0:999 1001 1°004 1°:003 1°001 0°991 0°996 
Mean 1:001 1:001 1:002 1°002 0996 
TABLE VIII.—Stefan. 
15 25 35 45 55 65 85 95 
I 09925 0922 0965 0979 1014 1044 1059 064 
IT 0:949 0-973 0°983 1 005 1:019 1°032 1°041 1:063 
III 0°945 0°953 0°971 1000 1°026 1-064 
IV 0°951 0-966 O977 O995 1:°006 1046 1°083 
0931 0°950 0972 0-982 1-008 1:030 1042 
VI 0970 0993 1°024 1°024 1:042 
Mean 0°945 0°979 1:002 1019 1°031 1°047 1°068 
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The mean results of Tables VII and VIII are expressed 
— in the curves of fig. 1. Here it is seen that 

eber’s formula is expressed by a curve (WW) nearly parallel 
to the axis of abscissas, but with slight irregularities, as might 
be expected in any representation of experimental results. At 
no point is the deviation so great as 0°5 of 1 per cent. Stefan’s 
formula is expressed by a curve (SS) which is plainly oblique 
to the axis of abscissas, the greatest deviation being more than 
6 per cent. These experiments therefore confirm the result 
otherwise attained by Schleiermacher, indicating that for tem- 
peratures but little above that of the atmosphere Stefan’s 
formula gives a rate of increase of radiation that is too rapid, 
while Weber’s formula coincides very closely with the results 
yielded by experiment. 

Fig. 1. 
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15 25 35 45 55 65 5 85 95 
Curves of deviation for formulas of radiation for temperatures from 30° to 110°C. 


It may be of some interest in this connection to exhibit the 
application of these formulas to a wider range of temperature 
difference. For this purpose the constants of each formula 
have been determined from the data contained in the tables 
just given ; those of Rosetti’s formula being obtained by method 
of least squares. In fig. 2, the abscissas represent temperature 
differences from 0° to 500° C., the temperature of the thermo- 
pile being taken as 17° C., which was the mean temperature of 
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the room in which the measurements were made. The ordi- 
nates are to be read in units of deflection on a scale such as 
was employed in the galvanometer readings representing 
radiant energy. For temperature-differences less than 100° 
these curves are nearly coincident. For high temperatures 
Stefan’s formula gives results that are higher than those of 
Weber's formula; but the rate of increase by Weber’s formula 
grows more rapidly, and for a temperature difference of about 
720°, about that of red heat, the two curves cross each other, 


Fig. 2. 
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D. Curve for formula of Dulong and Petit. 


W. “ “ Weber. 


and, from this point on, the indications of Stefan’s formula 
become lower than those of Weber’s formula. In this connec- 
tion we may again refer to the experiments of Schleiermacher, 
who, by estimating change of temperature through variation of 
electrical resistance, found the indications of Stefan’s formula 
to be less than the results obtained by experiment. The curve 
of Rosetti’s formula gives a rate of increase in radiation that is 
about as much too low as that of Dulong and Petit is too high. 
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Art. LVI.—WNotes on Silver; by M. Carry LEA. 


Action of Ammonia.—Aqueous ammonia is supposed to be 
without action on normal silver but this is not so: under favor- 
able conditions, silver is gradually taken up by this solvent. 

The first experime nts were made with silver reduced from 
the nitrate by the action of sodium hydroxide and milk sugar. 
The silver was very carefully purified from any possible trace 
of oxide. Placed in contact with ammonia for a few hours, 
silver was taken up. Its presence could be recognized either 
by ammonium sulphide or by adding a drop or two of hydro- 
chloric acid and then supersaturating with dilute sulphurie acid ; 
a dense cloud of silver chloride forms and this result can be 
obtained any number of times in succession by acting with 
ammonia on the same portion of silver. 

A similar reaction was obtained with silver reduced from 
chloride by eadmium and hydrochloric acid removing afterwards 
all traces of cadmium. Silver reduced in this way is liable to 
contain traces of chloride. These were removed by covering 
the silver with strong ammonia, letting it stand over night and 
thoroughly washing out. This was repeated five times. From 
this silver, ammonia by twenty-four hours contact always took 
up enough to give a dense white cloud when treated as above. 

Portions of solutions obtained in the last mentioned manner 
were evaporated to dryness over the water bath and left brown- 
ish black tilms. These were non-explosive and therefore did 
not consist of silveramine: they yielded a large proportion of 
silver to acetic acid, leaving behind a little metallic silver. 
The ammonia therefore, does not dissolve the silver as metal 
but as oxide. The presence of a little metallic silver in the 
residue left by evaporation was probably due to slight traces of 
oxidable organic matter contained in the ammonia. This opin- 
ion was confirmed by the fact that the solution when heated 
aequired a transparent red color. 

It appears therefore that in the presence of ammonia, silver 
has a tendency to oxidize, for when the silver was placed in a 
vial with an air-tight fitting stopper, filling it about half full, 
and was then eomple tely filled with liquid ammonia and tightly 
closed, it was found that in twenty-four hours a mere trace of 
silver was taken up. On the other hand when the silver was 
placed in a flat basin and merely moistened with ammonia 
more silver was taken up in five minutes than in the preceding 
case in twenty four hours. 

This action of ammonia in promoting oxidation recalls its 
behavior with cobaltous salts and with copper. It is probably 
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the only case in which silver is oxidized (at ordinary tempera- 
tures) by atmospheric oxygen. 

Action of Dilute Sulphuric Acid.—It is generally held that 
silver is insoluble in cold dilute sulphuric acid. Almost any 
form of silver, providing it is finely divided, is slightly soluble 
in sulphurie acid diluted with four or five times its bulk of 
water. With more dilute acid different varieties of silver act 
very differently. he most easily attacked is that which is 
obtained by reducing the oxide with alkaline hydroxide and 
milk sugar; from this a distinct trace is dissolved by sulphuric 
acid diluted with 100 times its bulk of water. From silver 
reduced from the chloride by cadmium this very dilute acid 
takes up nothing. 

Nitric acid, sp. gr. 1:40, diluted to ten volumes and allowed 
to stand for an hour with finely divided silver, took up an ex- 
tremely faint trace. , 

Hydrochloric acid, sp. gr. 1:20, was totally without action. 
The silver after being well boiled with water to remove every 
trace of acid, dissolves completely in nitrie acid. 

Acetie acid las no action upon metallie silver. 


Various Reactions of Normal Silver. 


Normal metallic silver even in a state of very fine division 
does not abstract the slightest trace of nitric acid from perfectly 
neutral cupric nitrate obtained by acting on pure cupric sul- 
phate with barium nitrate. After fifteen hours of contact not 
a trace of silver had been dissolved. 

But silver easily reduces cupric chloride with formation of 
purple photochloride. If the copper salt is present in slight 
excess the silver is so thoroughly acted upon that nitric acid 
does not extract a trace of it from the aa photoehloride. 

Metallic mereury instantly reduces silver nitrate but metallic 
silver takes chlorine from corrosive sublimate. The precipi- 
tate contains calomel and blackens with ammonia. 

Silver in fine division slowly reduces a neutral solution of 
potassium permanganate. 

Silver nitrate, as is well known, is reduced by ferrous sul- 
phate, or ammonia ferrous sulphate, the iron at the same time 
becoming peroxidized and the silver assuming the gray metallic 
form. On the other hand silver powder rapidly reduces a neu- 
tral solution of ferric sulphate. A solution of iron alum 
readily dissolves metallic silver without the aid of heat;* ina 
few seconds the solution strikes a blue color with potassium 

* The statement in the new Encyclopédie Chimique that heat is required and 


that the metal separates again on cooling (‘'ome iii, cahier 15, p. 248) appears to 
be incorrect. 


3 
i 
| 
th 
q 
| 
* 
3 
} 
: 
7 


446 M. Carey Lea—Notes on Silver Chlorides. 


ferricyanide and if the iron alum is in excess the whole of the 
silver is dissolved. It has been before noticed that the reac- 
tions between silver salts on the one hand and iron salts on the 
other are to some extent reversible, the observations just 
described place the matter in a somewhat clearer light. With 
a view of ascertaining whether ferrous sulphate could be com- 
pletely oxidized by argentic oxide a portion of the ferrous solu- 
tion was treated with successive portions of the oxide until the 
latter was no longer affected by it. But when this stage was 
reached the solution no longer contained a trace of iron, the 
whole of it had entered into combination with the silver. 
This combination is perfectly black and may probably have con- 
sisted of the compound described by H. Rose, as Ag,O, 2FeO 
Fe,O, and obtained in the same way. 

When ammonia iron alum is placed in contact with finely 
divided silver in considerable excess in,a tightly closed vial 
the solution after a few days standing with frequent shaking 
acquires a deep red color. This may last for a week or more. 
The solution then decolorizes and becomes greenish but still 
contains abundance of ferric salt. Thus it appears that although 
silver has a powerful reducing action on ferric salts the action 
is self-limited and ceases long before complete reduction is 
effected for after many weeks contact in a closed vial there are 
abundant indications of the presence of ferric salt, although 
silver has been present in large excess. 


Art. LVI1.— Notes on Silver Chlorides ; by M. Carry LEA. 


EXPERIMENTS made by J. J. Acworth* at the suggestion of 
E. Wiedeman showed that by heating silver chloride to a tem- 
perature of 220° C. it passes into a modification that was 
insensitive to light. 

I think this change may be due to the complete driving off 
of moisture. Abney showed by a well-known experiment that 
silver chloride when exposed perfectly dry in vacuo in a glass 
tube was totally unaffected by light, but 1 have shown that 
fused silver chloride poured into petroleum and placed in the 
sun-light without removing it from the liquid, was instantly 
darkened. 

These three experiments taken together lead to the following 
conclusions : 

1. Silver chloride dry and perfectly isolated is insensitive to 
light. (Abney’s experiment.) 


* Wied. Referate, 1890, p. 518. 
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2. The presence of atmospheric air does not restore the 
sensitiveness, if the silver chloride has been absolutely dehy- 
drated at 220° C. (Aeworth’s experiment.) 

3. The presence of oxygen is not necessary or important for 
the darkening of silver chloride. The presence of moisture is 
not essential; its place may be taken by another substance 
capable of taking up chlorine. This follows from my experi- 
ment above mentioned. 

There is no doubt that silver chloride retains the last portion 
of water with great obstinacy. I have frequently tried to dry 
silver chloride in hot air so that it should lose nothing further 
by fusion, but never quite succeeded. There is always a loss 
which may be roughly taken at a half a milligram and from 
thence upwards to nearly one milligram, in a gram. When 
the water is thoroughly driven off it is probable that the sil- 
ver chloride is left in an insensitive condition. Aeworth’s 
experiments seem to show this. 

So long as moisture is present the molecule of silver chloride 
easily breaks up, not merely by the action of light but by the 
application of any form of energy. The part played by 
moisture in chlorine reactions is somewhat remarkable. It has 
been lately stated that absolutely dry chlorine has no action 
upon copper foil. As soon as a trace of moisture is introduced, 
energetic action sets in. 


Art. LVIII.—A remarkable Fauna at the Base of the Bur- 
lington Limestone in Northeastern Missouri ;* by CHARLES 
KEYEs. 


In the description of a certain gasteropod (Porcellia nodosa 
Hall), in the third volume of the Illinois Geological Surveyt 
occurs the following paragraph, in connection with the 
assigned horizon and locality : “ Lower Carboniferous ; Barry, - 
Pike county, Illinois; from a peculiar cherty, caleareous band 
at the base of the Burlington limestone, formerly supposed to 
belong to that rock, but now known to contain fossils charac- 
terizing the oolitic upper bed of the Kinderhook group, at 
Burlington, Iowa.” 

This allusion though merely incidental is the only direct 
one ever known to be made to the particular beds now under 
consideration. 

* Published by permission of Mr. Arthur Winslow, Director of the Geological 


Survey of Missouri. from work prosecuted during the years 1891-92. 
+ Geol. Surv. Illinois, vol. iii, p. 459. (1868). 
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At Louisiana, in Pike County, Missouri, which is separated 
from Pike County, Illinois, only by the Mississippi River, the 
“white chert” beds are much better developed than any 
where else in the region. It is from the Missouri locality that 
the recent collections have been made. Here the Burlington 
limestone is well exposed in the hilltops, where extensive 
quarries have been opened. 

For more than 70 miles, from above Quincy to below 
Louisiana, the Burlington limestone forms an almost contin- 
uous mural escarpment capping the high bluffs on either side 
of the Mississippi River. These bluffs rise to a height of 
from 300 to 400 feet above the water level. In many places 
they form bold, overhanging cliffs, with a heavy talus at the 
base. 

A vertical section of the rocks at Louisiana is as follows: 


Feet. 
16. Brown and white, compact, encrinital limestone, 
thinly bedded, with some chert ....-...------ 75 
15. White, encrinital limestone, very heavily bedded, 12 
14. Coarse-grained, encrinital limestone, with irregu- 
13. Very heavily bedded, white encrinital limestone, 
with a peculiar white chert in nodules and 


i2. Brown, encrinital limestone, compact and heavily 
bedded, somewhat earthy in places..........- 15 

11. Compact, fine-grained, buff limestone, with few 

10. Sandy shales, brownish, forming soft, friable 
12 
®. Greenish, clayey 70 


8. Thin-bedded, compact limestone, fine-grained, 
with conchoidal fracture, in layers 4 to 6 inches 
in thickness, like lithographic stone in texture 


6. Drab or greenish clayey shale. .--..-...---.--- 2 
Black, fissile 
4. Buff, magnesian limestone, very heavily bedded. 10 
5 
2. Blue clay-shale, with thin bands of impure lime- 

1. Heavily bedded limestone, exposed .-.......--- 5 


Number 1 is the Trenton limestone; 2 the Hudson River 
shales. 3and 4 probably represent the Niagara limestone; the 
first increasing rapidly in thickness southward and in a dis- 
tance of 20 miles reaches a vertical measurement of 30 to 40 
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feet. 5 and 6 are probably Devonian, equivalent to the 
“black shale” of adjoining States. Number 7 is a thin seam 
2 to 4 inches in thickness and highly fossiliferous. With few 
exceptions the “ Lithographic” fossils come from this layer. 
It probably belongs more properly with beds 5 to 6. Appar- 
ently the organic remains are nearly all identical with forms 
from the Hamilton rocks farther northward. Should the 
union of this thin, highly fossiliferous seam to the underlying 
shales be more in harmony with the real relation of the faunas 
of the respective beds, as now seems likely, than with the 
faunas above, it would remove to a great extent the present 
Devonian facies from the Lithographic (Louisiana) limestone. 
8 is the Louisiana limestone, a compact rather thinly bedded 
rock, breaking with a conchoidal fracture. It is very poor in 
fossils. Numbers 9 and 10 are the Hannibal shales. 11, the 
Chouteau limestone, with a few fossils. Number 12 is the 
Burlington limestone with the characteristic basal fauna of 
the Burlington. 13 is also the lower Burlington, carrying con- 
siderable chert and containing the most prolific fauna in the 
section. 14,15 and 16 belong to the Burlington limestone ; the 
upper portion containing the typical fauna distinctive of the 
upper division. 

From Quiney southward the strata rise very gradually, 
until the Burlington limestone, which appears a few yards 
above the water level at that place, has an elevation of more 
than 250 feet above the river, at Louisiana. Below the lime- 
stone as will be seen from reference to the section, the beds 
are principally soft shales, which are eroded much faster than 
the great thickness of heavy, compact lime-rock overlying. 
High hills with precipitous slopes are formed. These are 
capped by the more indurated layers, rising in almost vertical 
walls from about midway up the elevations. In consequence 
of this, a peculiar and very striking phase of topography is 
produced, reminding one very forcibly of the topographical 
effects in a great driftless area of northeastern Iowa and the 
adjoining States. 

North of Quincey, as already stated, the Burlington rock 
dips below the.water level of the Mississippi and does not 
appear again until just above Ft. Madison, in Iowa, while at 
the city of Burlington the base of the limestone is nearly 100 
feet above low water-mark. At this place the organic remains 
have received more attention than anywhere else, while the 
vertical ranges of the different species have been determined 
with great accuracy. From this locality, also, the extensive 
faunas of the Kinderhook were first made known, and many 
species described. 

A third of a century has passed since the investigations of 
Hall, White, and Winchell brought to light so many interest- 
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ing forms which characterize the beds immediately below the 
Burlington limestone. At Burlington, too, the Kinderhook 
and Burlington formations are sharply contrasted lithologically ; 
while faunally the two horizons are equally well defined. 

Passing southward one hundred miles, to Louisiana, Mis- 
souri, the same lithological and faunal features are found as at 
Burlington. These characters are shown for 50 miles along 
the great river in this vicinity. 

In the lower bed of the Burlington limestone (Number 12 
of the section) is found the typical and well marked basal fauna 
of this formation. Many of the species, however, have a 
somewhat greater vertical range than at the Iowa localities. 

Among the most characteristic species of Crinoids to be 
mentioned are: 


Orophocrinus stelliformis (Owen & Shumard). 
Cryptoblastus melo (Owen & Shumard). 
Granatocrinus projectus (Meek & Worthen). 
Rhodocrinus Wachsmuthi Uall. 

Rhodoecrinus Worthent Wall. 

Agaricocrinus brevis (Hall). 

Dorycrinus unicornis (Owen & Shumard). 
Dorycrinus subaculeatus (Hall). 

Batocrinus aequalis Hall). 

Batocrinus longirostris (Hall). 

Batocrinus elegans (Tall). 

Actinocrinus proboscidialis Hall. 
Actinocrinus tenuisculptus McChesney. 
Physetocrinus ornatus (Hall). 

Steganocrinus sculptus (Hall). 

Steganocrinus araneolus Meek & Worthen. 
Platycrinus Americanus Owen & Sbhumard. 
Platycrinus Burlingtonensis Owen & Shumard. 
Platycrinus discoideus Owen & Shumard. 
Platyerinus subspinosus Hall. 


The fauna of this bed (about 15 feet in thickness) is pri- 
marily a crinoidal one. The above mentioned forms are some 
of the most important marking the limited horizon. Many 
other crinoids as well as brachiopods, corals, gasteropods, etc., 
are mingled ; but they range upward into other layers more or 
less extensively. 

Above the basal bed is a slightly thicker member, of an 
intensely white color (number 13 of the section). It is chiefly 
encrinital like the other, but in addition contains a larger 
amount of comminuted shell material derived from molluscan 
remains. In places the shell fragments predominate, forming 
a fine shell breccia not unlike the well known coquina rock of 
Florida; but it is, however, so compact that good specimens 
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of fossils are almost impossible to dislodge. The layers of this 
bed contain also considerable amounts of chert in small nodules 
and nodular bands. When first exposed in quarrying these 
cherts are very compact, translucent, and breaking with a con- 
choidal fracture. Upon exposure to the weather these flints 
quickly slacken like quick-lime to a fine intensely white powder. 
If examined before the process of disintegration has proceded 
more than half way the white nodules are found to be charged 
with fossils, which when taken out cannot be told from plaster- 
of-paris casts. Before affected by the atmospherie agencies, 
few or no traces of organic remains can be detected in the cherts. 
But they actually contain a very extensive assemblage of fos- 
sils; and ina perfect state of preservation when collected at 
the right time. They afford unusual opportunities for both 
structural and systematic studies; for many of the features 
commonly not met with are here found beautifully preserved ; 
such as the internal characters of crinoids and brachiopods, and 
the delicate ornamentation in nearly all groups. 

Upon careful comparison of the fossils in the cherts and in 
the surrounding limestones, so far as is possible in the latter, 
the fossils are found to be identical to a great extent. More- 
over, numerous shells and crinoids are found partly embedded 
in the chert and partly in the limestone, with a sharp line of 
separation, showing clearly that the siliceous impregnation had 
been acquired long after the original deposition of the beds, 
and was not due to a greater silicity of waters in which the 
calcareous deposits were made. This is in accordance with 
observations made elsewhere in the Burlington limestone of 
other localities. 

The faunal aspects of the bed in question (number 13 of the 
section) are particularly interesting. Some of the more com- 
mon as well as more important species are enumerated below ; 


Lingula melie Hall. 

Diseina Newberryi Hall. 

Terebratula Rowleyi Worthen. 

Productus arcuatus Hall. 

Productus levicostus White. 

Productella Shumardiana (Hall). 
Rhynchonella Missouriensis Shumard. 
Spirifera peculiaris Shumard. 

Strophomena rhomboidalis var. 

Allorisma Hannibalensis Shumard. 

Edmondia nuptialis Winchell. 

Edmondia Burlingtonensis White & Whitfield. 
Conochardium sp.? 

Lithophagus occidentalis (White & Whitfield.) 
Aviculopecten circulus Shumard. 
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Phanerotinus paradoxus Winchell. 
Capulus paralius (White & Whitfield). 
Capulus formosus (Keyes). 

Porcellia nodosus Hall. 

Loxonema prolixa White & Whitfield. 
Loxonema sp.? 

Spherodoma penguis (Winchell). 
Pleurotomaria sp.? 

Holopea subconica Winchell. 

Murchisonia sp.? 

Bellerophon bilabiatus White & Whitfield. 
Straparollus ammon (White & Whitfield). 
Straparollus luxus ? (White). 
Omphalotrochus Springvallensis (W hite). 

The forms in the accompanying list are all species which 
characterize the Kinderhook of Burlington, Iowa; most of 
them being originally described from that place. In addition 
many more species of lamellibranchs, brachiopods and gastero- 
pods occurring very abundantly at the latter locality are found 
in the white chert of Louisiana along with afew of the Bur- 
lington limestone species. 

It is to be noted that: 

(1) The fauna of this horizon is predominantly molluscan, 
representing a marked contrast with that of the typical Bur- 
lington limestone, which is prevailingly crinoidal, with some 
brachiopodal forms. 

(2) The fauna is the typical one of the Kinderhook beds. 

(83) There is mingled with this fauna some of the forms 
from both above and below, which are thus associated with the 
species representing the typical lower Burlington limestone. 

Here, then, is a well defined Kinderhook fauna intercalated 
in the Burlington limestone, with practically no change of 
lithological characters; a lower fauna suddenly appearing in 
the midst of a higher. This is the most marked instance of 
the kind that is at present known in the Carboniferous of the 
Mississippi Valley. Though the time separation is not very 

reat, the present case is a striking illustration of Barrande’s 
celebrated “ doctrine of colonies,” so clearly developed in the 
Systéme Silurien du Centre de la Bohéeme,* and so ably de- 
fended in his “ Défense des Colonies.” 

It is not to be inferred, however, that during the short 
supremacy of the lower fauna in midst of an upper there was 
a complete extinction of the deposed forms; but rather that 
owing to peculiar conditions the lower fauna merely displaced 
the upper temporarily ; or pushed it aside into other districts 
for the time being. 

* Vol. i, p. 73, (1852.) 
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Art. LIX.—Glacial Pot-holes in California; by H. W. 
TuRNER, of the United States Geological Survey. 


In the ecafion of the North Fork of the Mokelumne River, 
California, about thirty miles a little west of south from Lake 
Tahoe, and at an elevation above sea level of about 4,500 feet, 
is a group of pot-holes in the granite. The cafion here was 
formerly the bed of a glacier, as is evidenced by the polish and 
grooving of the rock and the perched bowlders. The rock 
about is quite devoid of soil. The pot-holes are from two to 
four feet in diameter and some of them are four feet deep. 
The shape of some of them is nearly conical, others more 
nearly cylindrical. Most of the pot-holes are eroded vertically, 
but some of them are inclined. A number are quite shallow, 
but even these are broad and saucer-shaped. The granite 
flakes off in shells nearly parallel to its surface, and this would 
account for the broad form of the pot-holes at the commence- 
ment of their formation. 

The pot-holes are about 250 in number and from six inches 
to six feet apart. They seldom or never coalesce and the 
regularity of their arrangement is noticeable. The interior of - 
all of the holes is well rounded and smooth, as pot-holes usually 
are. In some of them are rounded fragments of rocks; others 
are filled with sand and gravel. They cover a gently inclined 
surface of about two thousand square feet. To the north isa 
glaciated bank of granite, and the pot-holes occupy about the 
position that would be expected if formed by water falling 
over this hank. The height of the bank above the pot-holes 
is approximately forty feet. One pot-hole exists in the side of 
this bank several feet above its base. 

The river at the present time runs at a level of perhaps 
twenty or thirty feet below the lowest pot-holes. The place 
is locally known as Ham’s Salt Springs. Salt water oozes out 
from crevices in the rock and collects in several of the lower 
pot-holes. By evaporation, salt (NaCl) crystallizes out so that 
the water is usually covered with a thick layer of very pretty 
hopper-shaped crystals. 

The Indians are said to have formerly congregated here, 
attracted no doubt by the salt springs. Numerous small 
arrow-heads, chiefly of jasper and obsidian, were found by my 
party a little west of the pot-holes. At a point on the bare 
granite below the pot-holes and very near the river are several 
small mortar holes such as are used by the Indians to grind up 
acorns, and which are frequently found in bare rocks in the 
Sierra Nevada. 
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At the time of my visit an old white man named Carlton 
was camped there with some Indians. He has been living 
with the Indians in the neighborhood of the Mokelumne River 
since 1851. He states that these pot-holes were made by the 
Indians for the purpose of collecting the salt water, in order 
to allow the salt to crystallize from it. On questioning him I 
could not make ont that he himself had known of any such 
holes being excavated by the Indians. It would not, however, 
be a very difficult matter for the Indians to have made them. 
If a fire is built on the granite it flakes off very readily, and 
by repeating this operation for some time and using utensils 
in addition, cavities could be made. Mr. W. Q. Mason, of 
Voleano, California, who guided my party to the spot, believes 
the pot-holes to be the work of Indians. 

Plate IX represents a partial view of the pot-holes above 
described. The salt water at present oozes out at a point 
which may be located in the plate as about one-half inch from 
the middle of thé left-hand side. It therefore runs only into 
some of the lower holes not represented in the picture. 

On a granite spur just south of the pot-holes and perhaps 
100 feet vertically above them is a little lake, partially filled 
with flags and tules. It has no outlet, but when the water 
is high it can readily escape at its west end. The water is 
brackish. Some salt water must therefore have a higher 
source than that above indicated; and it is possible that salt 
water formerly flowed from crevices at points above the pot- 
holes and may have filled more of them than it does at present. 

The fact that few or none of the pot-holes coalesce perhaps 
favors the theory that they were made by the Indians, since in 
nature, pot-holes near one another frequently coalesce. The 
pot-hole, above described, in the side of the granite bank is 
evidently the work of falling water. It seems most likely that 
allthe pot-holes were formed by the action of water, probably 
in some way connected with the glacier that formerly filled 
the caiion. 

In thig connection the reader is referred to an article by 
T. T. Bouvé* who describes some glacial pot-holes near Cohas- 
set, Mass., and to Brigger and Reuscht+t who have studied 
those of Norway where pot-holes are numerous. 

It is interesting to note that in Norway they were at one 
time considered the work of the giants supposed once to in- 
habit that region, and that in America they are ascribed to the 
aboriginal Indians. 

Washington, D. C., September 5, 1892. 

* Indian pot-holes or giants’ kettles of foreign writers, Proc. Boston Soc, Nat. 


Hist., vol. xxiv, pp. 218-226. 
+ Giants’ kettles at Christiana, Quart. Jour. Geol. Soc., vol. xxx, pp. 750-771. 
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Art. LX.—TZhe Lavas of Mount Ingalls, California; by 
H. W. Turner, Washington, D. C. 


[By permission of the Director of the U. S. Geological Survey. ] 


Mount INGALLs is situated just south of the fortieth parallel 
in Plumas county, California. It forms a portion of the 
eastern crest of the Sierra Nevada. Its elevation is 8,484 feet 
above sea level, according to the determinations of the topo- 
graphers of the U. S. Geological Survey. 

Mount Ingalls was a center of volcanic activity during much 
of later Tertiary time. The lavas which originated in its 
vicinity form an interesting series. The following rocks are 
represented : 

I. Late basalt, a rather coarse gray rock with much pyrox- 
ene and some olivine. It is usually massive. 

II. Andesite, containing both pyroxene and hornblende, 
and occurring chiefly as a breccia. 

Ill. Older basalt, a dense black rock with little olivine, and 
a good deal of magnetite. It seems always massive. 

IV. Rhyolite, in very small amount. 

The order of succession is that indicated by the Roman 
numerals with the exception of rhyolite (IV.) As has been 
previously noted* the rhyolite of the Sierra Nevada underlies 
the andesites, but its relation to the older basalt (IIT) is un- 
determined. The rocks may be roughly characterized as fol- 
lows: 

I. Late basalt.—This is macroscopically a coarse to medium 
grained light gray rock, sometimes pinkish, with large scattered 
olivines. Under the microscope it is seen to be nearly holocrys- 
talline and to be composed of lath-like plagioclase, augite and 
magnetite, with occasional large olivines. One of the slides 
shows a hypocrystalline glassy base containing abundant grains 
of magnetite, with numerous phenocrysts of plagioclase and aug- 
ite, and a few hypersthenes and olivines. In general, however, 
very little glass is to be seen. 

The late basalt is the most recent of the lavas of this 
portion of the Sierra Nevada. It forms the summit and nearly 
all of the sides of Mount Ingalls down to and in places below 
the 7,000 foot contour. It rests, to a large extent, on andesitic 
breccia. Similar basalt caps a number of the higher points to 
the south and southwest of Mount Ingalls. Two of these are 
Mount Jackson and Penman Peak. There also the basalt rests 
on andesite. The later basalt is almost everywhere a massive 


* Mohawk Lake Beds, Bull. Wash. Phil. Soe., vol. xi, p. 389. 
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rock, but a small amount of basalt-breccia and scoriaceous 
basalt forms two points on the summit of Mount Ingalls, per- 
haps remains of a former crater. In the ravine that heads just 
east of the summit of Mount Ingalls the basalt is glaciated. 
Its age, therefore, antedates that of the glaciers of the Sierra 
Nevada. 

II. Andesite.—This is chiefly a breccia. The angular frag- 
ments of andesite from this breccia are usually coarsely crys- 
talline and frequently vesicular. The color is dark gray, the 
feldspars showing as white spots. Frequently hornblende 
needles are macroscopically visible. 

Under the microscope the andesite is composed of pheno- 
erysts of plagioclase and pyroxene and of occasional horn- 
blendes in a groundmass sometimes very glassy, sometimes 
hypocrystalline with abundant plagioclase microlites and 
usually considerable magnetite. The pyroxene in some cases 
is largely augite; but there is frequently a good deal of hyper- 
sthene. Sometimes the rock is nearly holocrystalline. In some 
dark compact specimens of the andesite hypersthene is the 
most abundant bisilicate, but the prevailing type is the coarser 
one above described, and usually the predominant bisilicates 
are augite and hornblende. 

Andesitic breccia forms most of the ridge that extends 
southeasterly from Mount Ingalls. The same area continues 
to the north of Red Clover Valley. 

III. Older basalt.—This is a dense black rock usually show- 
ing macroscopically no porphyritie constituents except occa- 
sional olivines. It is frequently roughly columnar, the prisms 
being small, seldom more than three or four inches in diame- 
ter. The rock has been nowhere seen by the writer except in 
the massive form. 

Microscopically the rock is composed of lath-like plagioclase 
with more or less olivine and some augite in a groundmass 
which is rendered dark by the abundant magnetite. The 
groundmass sometimes contains considerable glass and fre- 
quently specks and minute prisms of augite. Much of the 
olivine is altered to serpentine. The plagioclases are usually 
small and of nearly even size. One slide, however, shows 
porphyritic plagioclases and olivines in a groundmass of plagi- 
oclase microlites, magnetite and glass. 

The older basalt forms an area of several square miles to 
the east of Mount Ingalls and west of Red Clover Valley. 
There is a smaller area at the southwest base of Mount Ingalls 
east of Little Grizzly Greek, and also another just southwest 
of the last and on the west side of Little Grizzly Creek. It is 
the lava of Walker Plains, in Plumas county, and of Moore- 
ville Ridge and Oroville Table Mountain, and the Iron Cafion 
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of Chico Creek in Butte county. So far as I am aware, this 
dense black older basalt is found only in Plumas and Butte 
counties. At numerous points it rests on Tertiary sediments, 
chiefly river gravels. It has nowhere been seen by the writer 


overlying or cutting through other Tertiary lavas. Its rela- 


tion to the andesite (II) is very evident about four miles east- 
southeast of Mount Ingalls on the ridge to the east of the 
road from Red Clover Valley to Genesee Valley. Here a 
nearly horizontal bluff of andesite above five hundred feet 
vertically above the road may be seen resting on the older 
basalt (III). A vertical section here would be approximately 
as follows: 

1. Andesitie breccia, thirty feet in thickness. This is made 
up of angular fragments of andesite cemented by volcanic ash. 
It shows no evidence of stratification. A little to the east of 
the bluff, lying on this breccia and presumably weathered 
from it, were found fragments of silicified wood. 

2. Fine even-grained andesitic tuff, one to four feet thick. 
The tuff layer is approximately horizontal. It is made up of 
minute fragments of plagioclase, augite, hypersthene, green 
hornblende, and apparently some quartz, with opaque and dis- 
colored particles. It is very plainly fragmental. It contains 
also fragments of plant stems. 

3. Andesitic conglomerate, fifteen feet thick. Immediately 
under the tuff and plainly resting on the older basalt is a vol- 
canic conglomerate containing some fragments of the older 
basalt as well as granite pebbles but chiefly made up of peb- 
bles and fragments of andesite. 

4. Older basalt, five hundred feet thick. This reaches from 
the bluff of the above fragmental materials 1, 2, and 3, down 
to Red Clover Creek below, a vertical distance of about tive 
hundred feet. 

To the observer it is very manifest at this locality that the 
above series of voleanic fragmental rocks are of later date 
than the underlying basalt. The great thickness and extent 
of the basalt and the thinness of the overlying andesite ren- 
ders it extremely unlikely that it is an intruded sheet. More- 
over, the same superposition of the andesite on the older 
basalt may be noted at other points, as for example, at the 
southwest base of Mount Ingalls, at Iron Cafion in Butte 
county, and on the ridges to the north and south of Onion 
Valley Creek, in Plumas county. It is most probable that a 
period of erosion occurred between the time of the older basalt 
flows and that of the andesitic eruptions. 

IV. Rhyolite—A small area of this rock was noted four 
miles to the southeast of Mount Ingalls, to the west of Red 
Clover Valley. The exposure is surrounded by andesitic 
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breccia. Wherever in the Sierra Nevada its relation to the 
andesite is evident, it is the older rock. The relative age of 
the rhyolite and the older basalt has not been made out. I 
have nowhere seen them in juxtaposition. 

It is expected that the above rocks will be studied in more 
detail later, with the aid of chemical analyses, so that their 
exact position in the series of Tertiary lavas may be deter- 
mined. The subject is of especial interest in relation to 
Richthofen’s law of succession of volcanic rocks, to which 
this forms an apparent exception. ‘ 

The subject of the succession of the igneous rocks of the 
Great Basin has been considered in detail by Hague in the 
forthcoming monograph of the U.S. Geological Survey on 
the Eureka District, Nevada, and by Iddings* who states that 
igneous rocks of a mean composition are usually followed by 
both highly basic and highly acid types. 

The Tertiary lavas of Mount Ingalls rest on a base of much 
older rocks, schists, metamorphic tuffs and granite. The latter 
rock is of igneous origin, as is shown by the inclusions in it of 
the older clastic rocks which are here in part at least, of Car- 
boniferous age. These inclusions are numerous at a point on 
the southwest slope of the mountain, three miles from the 
summit. 


Since writing the above, the following analyses have been 
obtained : 


Older basalt Late basalt 
(No. 276.) (No. 311.) 


50°56 53°91 
171 52 
1471 17°95 
3°54 2°21 
trace ? trace. 
2°10 1°34 
trace ? trace. 
H,O at 100° 1:06 20 
H,O above 100 20 
114 21 
99°81 100°31 


*“The Origin of Igneous Rocks,” by J. P. Iddings, Bull. Phil. Soc. Wash- 
ington, vol. xii, pp. 89-214, 
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The analyses were made by W. F. Hillebrand of the U. S. 
Geological Survey. It will be noted that the two basalts, so 
different in age and in habitus, are quite similar in composition. 
As would be expected in the dense black older basalt contain- 
ing a large amount of magnetite, the iron contents are much 
greater than in the coarse-grained gray basalt of later age. 

Washington, D. C., Sept. 9, 1892. 


Art. LXI.—A Method for the Quantitative Separation of 
Barium from Strontium by the action of Amyl Alcohol 
on the Bromides ; by Putnire E. BROWNING. 


[Contributions from the Kent Chemical Laboratory of Yale College—NIX.] 


THE existing methods upon which dependence can be made 
in the separation of barium from strontium are few in number. 
Dr. R. Fresenius in discussing them through several numbers 
of his journal* coneludes that the only one which gives per- 
fectly reliable results consists of the precipitation of the 
barium by a double treatment with ammonium chromate in 
acetic acid solution. Having demonstrated the possibility of 
separating both barium and strontium from calcium by the 
dehydrating and appropriate solvent action of boiling amyl 
aleohol on the nitratest the possibility of a similar methed of 
separation by the use of suitable salts of barium and strontium 
seemed worthy of investigation and necessary to complete the 
series as applied to this group. In looking about for suitable 
salts upon which to experiment the behavior of the chlorides 
was suggestive. Barium chloride is completely insoluble in 
amyl alcohol while the corresponding strontium salt is some- 
what soluble. The possibility of finding strontium bromide 
more readily soluble than the corresponding chloride seemed 
worthy of attention. The method of preparation followed was 
the treatment of the precipitated and thoroughly washed car- 
bonates of barium and strontium with hydrobromic acid pre- 
paredt by mixing definite proportions of potassium bromide 
in solutions with sulphuric acid and water while hot, filtering 
off the potassium sulphate which separates on cooling, and re- 
distilling the filtrate until the distillate contains no appreci- 
able trace of sulphuric acid. The standards of the solutions of 
barium and strontium bromides made in this way were deter- 
mined by precipitating definite portions, measured and weighed, 
with sulphuric acid,—the strontium after the accepted method 
of adding ethyl alcohol to increase the insolubility and the 

* Zeitschrift fiir Anal. Chem., xxix, 20, 143, 413. 

+ This Journal, xliii, 50, 314. t Proceedings Amer. Acad., xvii, 30. 
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barium after the manner suggested by Dr. F. W. Mar,* pre- 
cipitating with an excess of sulphuric acid in the presence of 
hydrochloric acid. The mean of closely agreeing results was 
taken as the standard. Preliminary experiments on the 
bromides formed in this way gave encouraging results, the 
barium salt appearing to be almost completely insoluble while 
the strontium salt dissolved freely. The first series of ex- 
periments were directed toward a quantitative determination 
of the solubility of barium bromide in the alcohol. Definite 
portions of the standardized solution of barium bromide were 
measured from a burette into counterpoised beakers of about 
50 em* capacity and weighed as a check on the burette reading. 
This solution was then evaporated to dryness, and the residue 
was dissolved in a few drops of water and boiled with 10 em‘ 
of amyl alcohol. The separating bromide was filtered off on 
an asbestos felt contained in a perforated platinum crucible, 
the whole having been previously ignited and weighed. The 
crucible containing the bromide was at first dried at 140°- 
150° C. in an air bath after the manner described in the 
previous papers, and weighed. The unsuccessful attempt to 
get a constant weight, however, proved the impossibility of 
weighing as bromide, the weight decreasing rapidly with each 
successive drving. It was deemed best accordingly to dissolve 
the bromide from the felt into a beaker placed to receive it, 
and to precipitate with sulphuric acid in the presence of hydro- 
chlorie acid, after the same manner followed in the determina- 
tions of the standards. The precipitated sulphate, which in a 
few minutes settles completely, was filtered off upon the same 
felt from which the bromide had been dissolved, dried, ignited 
to low redness, and weighed. Series I gives the results of 
several experiments made after this manner which show the 
solubility of the barium salt to be about 0°0013 grm. on the 
oxide in 10 em.’ of amyl aleohol. The filtrate after boiling 
with amyl alcohol was evaporated and the residue was treated 
with nies acid and weighed; or the filtrate was precipi- 
tated directly by adding sulphuric acid, enough ethyl alcohol 
being added to secure thorough mixture. The amount of sul- 
phate found agreed uniformly with the loss determined in the 
residue after boiling. A portion of the salt which dissolved in 
the alcohol on being examined before the spectroscope gave 
only the green bands characteristic of barium. 


SERIES I, 
BaO taken. BaO found. Error. 
(1) 0°1234 grm., 0°1222 grm. 0°0012— grm. 
(2) 00824 00809 0°0015 — 
(3) 00823 “ 00809 0°0014— 
(4) 00803 0:0015— 
(5) 0°0733 0:0720 * 0°0013— 


*This Journal, xli, 288. 
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Several methods of treatment were followed to prevent if 
possible this solubility, such as the addition of a few drops 
of hydrobromic acid before boiling, of the same after the 
barium bromide had separated, of a few drops of ethylene di- 
bromide or ethyl bromide at the completion of the boiling, 
of afew drops of bromine water’ before boiling, ete. The 
results of these experiments showed these modifications to be 
of little or no value. 

On boiling the strontium bromide with the alcohol slight 
spots separated occasionally, which on the addition of a drop 
of hydrobromic acid went into solution and did not appear on 
re-boiling. In order to determine the solubility of the stron- 
tium bromide in the alcohol a saturated solution was obtained 
by boiling an excess of the strontium salt with the alcohol, the 
salt in a measured portion of 10 em* was precipitated as sul- 
phate by the addition of ethyl aleohol, and sulphurie acid, and 
weighed. Duplicate determination showed the solubility to 
be about 0-2 gram on the oxide in 10 em’* of the alcohol. The 
mode of procedure for the separation of these elements was 
identical with that already described in the case of barium alone 
up to the point at which the barium was filtered off, except, of 
course, the addition at first of a measured and weighed amount 
of a previously standardized solution of strontium bromide. 
The strontium was precipitated from the filtrate as sulphate by 
dilute sulphuric acid, ethyl alcohol being added to secure 
thorough mixture. These precipitates were generally filtered 
off upon asbestos felts, and, although their gelatinous character 
delayed the filtration somewhat, the drying and burning of a 
filter paper with the possible danger of loss by reduction in 
the presence of burning paper was avoided. Series IT gives 
the results of a single treatment, and it will be seen that there 
is apparently a slight contamination of the barium by the 
strontium which where the latter is present in large quantities 
halanees the solubility of the barium (0°0013 grm. on the oxide.) 
Where the amounts of strontium taken are small the loss of 
barium due te selubility appears. 

Series Il. 


BaO taken. BaO found. Error. SrO taken. SrO found. Error. 
grm. grm. grm. grm. grm. grm. 
(1) 071228 0°1225 0°0003 — 0°1070 0°1065 0°0005 — 
(2) 0°1227 071231 0°0004 + 0°1074 0°1069 0°0005 — 
(3) 071224 0°1228 0°0004 + 0°1070 071067 0°:0003 — 
(4) 0°1217 0°1201 0:0016— 0°0364 0°0372 00008 + 
(5) 0°1216 071222 00006 + 0°0133 0°1124 0°0009 — 
(6) 0°0974 0°0970 0:0004— 0°0719 0°0721 0°0002 + 


(7) 0°0971 0°0973 0°0002+ 0°0730 0°0727  0:0003— 
(8) 00970 00971 0°0001+  0°0718  0°0716  0:0002— 
(9) 00411 0°0390 0°0021— 0°0365 00385  0:0020+4 
(10) 0°0243 00234 0:0009— 0°1072 01072  0-0000 
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Series III gives the result of a double treatment. In this 
series the contaminating effect of the strontium salt disappears 
almost entirely leaving a deficiency of about 0-0025 grm. on 
the oxide to be added to the barium, and a corresponding 
amount of sulphate (0:0040 grm.) to be subtracted from the 
strontium sulphate before calculating it to the condition of 
the oxide. The manipulation is the same as that outlined for 
the single treatment, as far as the completion of the first boil- 
ing. At this point the amyl alcohol containing most of the 
strontium in solution was decanted upon a weighed and ignited 
felt and collected in a beaker placed to receive it. The residue 
of barium with traces of strontium was then dissolved ina 
few drops of water, a drop of hydrobromic acid was added 
and the boiling was repeated with another portion of 10 em* 
of amyl] alcohol. Upon reaching the boiling point of the 
alcohol the beaker was removed, and the barium salt was fil- 
tered upon the felt through which the first portion had been 
decanted, and treated as before described. 


Series III. 


BaO found. SrO found. 
BaO taken. (Corrected.) Error. SrO taken. (Corrected) Error. 
grm. grm. grm. grm. grm. grm. 
(1) 071212 071219 00007+ 01068 071071 0008+ 
(2) 0°1215 0°1219 00004 + 0'0358 0°0359 070001 + 
(3) 071220 071221 0-0001+ 0°0353 0°0347 0°0006— 
(4) 071212 071220 0-0008+ 0°0363 0°0358  0:0005— 
(5) 0°1219 0°1221 0°0002+4 0°0361 0°0354 0°0007— 
(6) O71211 01218 O-0007+ 071126 O1116 0°0010— 
(7) 01819 0°1319  0:0000 00577 0°0586 0°0009+ 
(8) 0°0496 0°0492 070004 — 0°057 0°0579 0°0005 + 


The method is rapid, and while the correction to be applied 
owing to the solubility of the barium salt is large it is so 
definite that it cannot be objectionable. The author in conclu- 
sion would express his indebtedness to Prof. F. A. Gooch of 
the Kent Laboratory for the many helpful suggestions re- 
ceived from him bearing upon this investigation. 


Art. LXIT.—<A Note on the method for the Quantitative 


Separation of Strontium from Calcium by the action of 


Amyl Alcohol on the Nitrates; by Puttip E. BRownine. 
[Contributions from the Kent Chemical Laboratory of Yale College—-XX.] 


RECENT work on my method for the quantitative separation 
of strontium from éaleium by the action of amyl alcohol on 
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the nitrates* has demonstrated the possibility of using very 
much smaller amounts of amyl alcohol in the boiling than the 
amounts formerly used (30 cm* for each treatment). By the 
use of smaller beakers (50 em* capacity) 10 em* of the 
alcohol can be conveniently substituted for 80 em‘, and the 
correction for solubility of the strontium nitrate is thus 
reduced from 0:001 grm. on the oxide to 0°0003 grm. in each 
treatment, and the corresponding amount of sulphate to be 
substracted from the calcium sulphate before calculating to the 
condition of oxide is reduced from 0-0017 grm. to 0°0005 grm. 
in each treatment. The necessity of a double treatment, or 
the use of two portions of 10 em* each of the alcohol, brings 
the total correction to 0:0006 grm. on the strontium oxide, and 
00010 on the calcium as sulphate. For ordinary work such a 
correction may be disregarded. The following tables give the 
corrected and uncorrected results. 


TABLE I (correction disregarded). 


SrO taken. SrO found. Error. CaO taken, CaO found. Error. 
grm. grm. grm. germ, grm. grm. 
(1) 0°0570 0°0565 0°0005 0°0534 0°0540 0°0006 + 
(2) 0°0573 0°0567 0°0006 — 0°0534 0°0543 0°0009 + 
(3) 0°0285 0°0274 0:0011— 0°0272 0°0276 0°0004 + 
0°0568 0°0560 0:0008— 0°0535 0°0537 0°0002 + 
(5) 0°0568 0°0561 0:0007 — 0°0533 0°0535 0:0002 + 
(6) 0°0288 0°0280 0°0008 — 0°0271 0°0272 0°0001 + 
(7) 0°1420 0°1416 0°0004 — 0°0535 0°0544 0°0009 + 
(8): 0°1419 0°1416 0°0003 — 0°0665 0:0669 0°0004 + 
(9) 0°1135 0°1132 0°0003— 0°1066 0°1070 0°0004 + 
(10) 0°1137 0°1126 0°1064 0°1070 0°0006 + 
TABLE II (correction applied). 
SrO found, CaO found. 

SrO taken. (Corrected.) Error. CaO taken. (Corrected.) Error. 

grm. grm. grm. grm. grm. grm. 
(1) 0°0570 0°0571 0°0001+ 0°0534 0°0536 0°0002 + 
(2) 0°0573 0°0573 0°0000 0°0534 0°0539 0°0005 + 

(3) 0°0285 0°0280 0°0005 — 0°0272 0°0272 0°0000 
(4) 0°0568 0°0566 00002 — 0°0535 0°0533 0°0002— 
(5) 0°0568 0°0567 00001 — 0°0533 0°0531 0°0002 — 


(6) 0°0288  0°0286 0:0002— 0°0271 0:°0268  0:0003— 
(7) 0°1420 071422 0°0002+ 0°0535 0°0540 0°0005+4 
(S) 0°1419 071422 0°0003+ 0°0665 0°0665  0-0000 
(9) 071135 071138  0:0003+ 0°1066 071066  0:0000 
10) 071137 671132 0:0005— 0:1064 071066 0°0002+ 


* This Journal, xliii, 50. 
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Art. LXIII.—A Study of the Formation of the Alloys of 
Tin and lron with descriptions of some new Alloys ;* by 
P. HEappen. 


AsoutT three years ago I had occasion to investigate some 
tin buttons obtained in assaying tin ore by the potassic cyanide 
method, and observed that the alloy obtained by oxidizing the 
buttons with hydric nitrate and treating the oxidized mass 
with potassic hydrate was not only significant in quantity, 
ranging from one and a half to ten and a half per cent, but 
varied in form also, though obtained under similar conditions 
of charge and temperature. Subsequent investigations con- 
vinced me that the same is true of dross obtained by melting 
larger quantities of tin ore with anthracite dust, lime and 
fluor spar in a graphite pot. As the latter method yields 
larger quantities at less expense, the dross from such fusions 
was used, as a rule, in my investigations. 

Of the buttons first investigated, the first yielded about 
7 per cent of a non-magnetic alloy corresponding to the for- 
mula Fe,Sn,; the second yielded a quantity of magnetic 
alloy corresponding to the formula Fe,Sn,; while the third 
yielded a non-magnetic alloy, so small in quantity, however, 
that no analysis was attempted, but its form differed from that 
of the other two, and I had no reason for believing it to be 
identical with either of them. Its form was that of a six 
sided prism with etched and pitted basal plane which was 
seldom perfect though always present. This was probably 
an imitative form after an orthorhombic combination. 

The results of the investigation to which this led may be 
briefly given as follows: i.e. that there is a series of stannides 
of iron of which I obtained the following members, FeSn,, 
Fe,Sn,, Fe,Sn,, Fe,Sn,, Fe,Sn, and FeSn—and in addition to 
these, the following, Fe,Sn, Fe,Sn and Fe,Sn. 

Some of these have been described before, but the descrip- 
tions given by the various investigators agree in assigning 
them properties, some of which differ widely from those 
observed in my alloys. Those previously described are FeSn,, 
Noellner; FeSn, Deville and Caron; Fe,Sn, Lassaigne, and 
Fe,Sn, Bergman. The first of these has more recently been 
studied by A. C. Oudemann, Jr. Noellner says that FeSn, is 
insoluble in hydric chloride. While Oudemann makes no 
definite statement on this point, merely stating that he prefers 
to use hydric nitrate in separating it from the excessive tin 
leaving it to be inferred that he found it at least difficultly 


* Abstract of article read before Colo, Scientific Society—Address of retiring 
President for 1891. 
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soluble in the hydric salt. Deville and Caron describe FeSn 
as insoluble in hydric chloride and crystallizing in plates. 
The alloys which I have obtained, giving these formulas, do 
not agree with these descriptions. All writers on these alloys 
agree in giving aqua regia as the solvent for them. I have 
uniformly used hydrie chloride and have found but a small 
amount of any one of them insoluble in this agent, and the 
portion insoluble in it was almost as insoluble in aqua regia. 
The description of forms is also quite at variance. This may 
be due to difference of interpretation of the forms, or it may 
indicate that these alloys vary greatly, both in form and prop- 
erties according to the conditions under which they are formed ; 
my observations tend to establish the latter. The compounds 
Fe,Sn,, Fe,Sn, and Fe,Sn, vary in their property of being 
magnetic, sometimes being almost or quite non-magnetic, and 
it will require a more exhaustive study of their erystal form 
to establish any distinctive difference between them in this 
respect ; the habit of the crystals as obtained is, it is true, 
somewhat different, but it is doubtful whether it is uniform 
and persistent enough to be relied upon as distinctive. I have 
recognized but one form with certainty, a rhombic prism, 
which is the erystal form of the alloy FeSn,. Though some 
erystals of this form were observed which have not been 
proven to be this alloy and this form may be common to 
several alloys. Furthermore certain rough six-sided imita- 
tive forms have been observed, which are not characteristic 
of any one of at least three alloys) These facts indicate as 
already suggested, that the various observations may not be 
contradictory because made on material which is not perfectly 
comparable. 

The members of this series are all brittle, so much so 
that in the form in which they were obtained, they can 
be rubbed to a powder between the thumb and finger ; 
they all burn, readily and quite brilliantly, when strewn into 
the flame of a candle or alcohol lamp with the formation of a 
dense smoke, and the emission of an intense odor of tin, best 
observed a short distance above the flame. This odor was so 
intense and similar to that of arsenic that it was with difficulty, 
and only after repeated experiments, that I convinced myself 
of the absence of this element. ' 

These alloys require so high a temperature to fuse them that 
I was able to fuse only small portions of them before the 
blowpipe, and that not very satisfactorily ; whether they suf- 
fered decomposition thereby was not evident, but with soda 
on charcoal they were decomposed with emission of sparks and 
the separation of malleable tin. Concentrated hydric sulphate 
acts upon them violently with copious evolution of sulphur 
dioxide. 
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That iron and tin readily unite with one another is well 
known, but the character of the iron and the temperature are 
important factors. When reduced iron was used the combina- 
tion ensued quickly and the solution of the iron in the tin was 
perfect, but when cast iron was used this was not the case ; 
but the presence of the carbon did not prevent the formation 
of these alloys. 

Whether these alloys can endure remelting without decom- 
position or not was not decisively proven, but the experiments 
made tend to show that they can be melted by themselves and 
kept at a temperature sufficient to melt cast iron for an hour 
without perceptible decomposition, and if melted with tin 
already saturated with the alloy they may be remelted several 
times without material change, at least within the limits of 
temperature under which my experiments were made. While 
it is evident from my experiments that the frequent remelt- 
ings to which the reguluses were subjected had at most only a 
very subordinate influence in determining the alloy formed, 
it is equally evident that the influence of the ratio of tin to 
iron is very great; it appearing to be the determinative con- 
dition in the formation of the series from FeSn to FeSn,, but 
for the alloys Fe,Sn, Fe,Sn and Fe,Sn it would seem that we 
will have to look for some other condition as the ratio of iron 
to tin alone will evidently not suffice in explaining their for- 
mation. 

It is probable that the alloy first formed during the reduc- 
tion is not that with the highest ratio for the tin, as is indi- 
cated by the results of the investigation of the buttons from 
the cyanid assay which had not been remelted and some of 
them had been in the fire but eight minutes and still yielded 
the intermediate members of the series which according to 
our observations are formed between wide limits in the ratio 
of tin to iron, and this too when the atomic ratios of the iron 
to tiu in the buttons was such as to justify the expectation of 
finding an alloy having a higher tin ratio. It is difficult to 
say in which experiment we approached most nearly to the 
conditions existing in the original mass of tin but probably in 
the first in which the regulus resembled pure tin but yielded 
an alloy having the ratio (Fe: Sn) 1:1; in another in which 
case the fusion was effected at a higher temperature and con- 
tinued longer the alloy had the ratio of 1: 1:25; but in this 
ease we had a small amount of a very rich iron alloy with the 
approximate ratio of 9:1 separated from the regulus which 
might have had some influence upon the ratio of the alloy, 
especially if this iron alloy is a product of the decomposition 
of alloys richer in tin which already existed in the mass 
which, however, I hold to be doubtful. In still another the 
alloy obtained had the ratio of 1:1 and there was a large por- 
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tion of iron alloy or bottom with the ratio 4: 1 and in a fourth 
one the alloy had the ratio of 1:1 though the bottom 
amounted to over 33 per cent of the weight of the regulus. 
An examination of the ratios of the alloys yielded by the 
different reguluses shows that the presence of an iron bottom 
does not necessitate the lowest ratios for the tin; for in such 


cases we have the ratios 100, 1°20, 1°25, 1°33, and 1:5 nor does 


its absence indicate the highest ratios; for in such cases we 
have the same ratios as before,—still, in a general way, those 
reguluses having an iron bottom yield alloys with lower ratios 
than those which have none, but the difference is neither de- 
cided enough, nor sufficiently constant to justify the conelu- 
sion that they are end-products of a series of decompositions, 
with successive eliminations of tin and consequent enrichment 
of iron in the alloy. The ratio of the alloy depends upon the 
ratio of the iron to the tin in the mass rather than upon any 
possible decomposition. 

Some experiments were made with the object of building 
up the series from the lowest to the highest ratio with the 
following results. A quantity of dross containing the alloy. 
FeSn was fused with one and a fourth times its weight of 
bar tin and the principal portion of the resulting alloy had 
the ratio of 1°25 but further changes also took place as indi- 
cated by such ratios as 1°33 and 1°66 obtained for smaller por- 
tions of alloys. When the atomic ratio of the iron to tin in 
the mixture was made as 1:6 the ratio of the alloy was 
changed from 1:1 to 1: 1°33 and the same result was obtained 
when the tin in the mixture was increased so that the atomic 
ratio of the Fe:Sn was as 1:18. When I used the alloy 
Fe,Sn, and the atomic ratio of the mixture was made 1 : 25, 
the ratio of the alloy was changed from 1: 1:25 to 1:13; 
the same result was obtained by using the alloy FeSn and 
making the atomic ratio of the mixture 1:41, i. e. the ratio 
of the alloy was raised from 1:1 to 1: 1°33; using the same 
alloy and making the ratio of the mixture 1:98 a mixed 
result was obtained the ratio was raised in part to 1:25 but 
principally to 2 but when the atomic ratio of the mixture was 
made 1: 124 the ratio of the alloy, insoluble in hydric nitrate 
always understood was raised from 1:1 to 1:2. Equally 
satisfactory results were obtained when I used reduced iron 
“Ferrum reductum,” instead of the alloys so long as I ob- 
served the ratios in the mixture, showing that the use of the 
alloy had no influence upon the result of the reaction. 

It is evident that the ratio of Fe:Sn in the mixture has a 
determining influence upon the resulting alloy, also that the 
limits of this ratio for some of the alloys is quite wide espe- 
cially for the alloys Fe,Sn, and Fe,Sn, but it seems that the 
formation of others is confined to narrow limits or peculiar 
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conditions as Fe,Sn, which was found to be the chief alloy in 
only one instance, i. e. where the atomic ratio of the mixture 
was 1:22 and this is singular; for in other instances where 
the ratio was 1:25 and 1:41 respectively an alloy with a lower 
ratio, i. e. 1°33 was obtained and, moreover, 1: 22 is the ratio 
given in Watts’s Chemical Dictionary for a definite alloy. The 
regulus from which I obtained this alloy and having this ratio 
could not in any sense be considered an individual alloy. 

I have not intended to even intimate that the whole of the 
iron in the reguluses obtained existed in the form of alloys 
difficultly or insoluble in hydric nitrate; for at least one alloy 
soluble in this agent and crystallizing in long and wide but 
thin plates was observed. 

The temperature, duration of fusion, and rate of cooling are 
very subordinate in their influence upon the alloys formed 
both in regard to their properties and their distribution through 
the regulus. 

The only alloy whose form could be definitely made out 
was the alloy FeSn, which crystallizes in bright shining rhom- 
bie prisms, being combinations of 001, 110, 010, from brownish 
black to black in color with metallic luster. 

Another form is a six-sided often furrowed, almost always, if 
not always hollow form. This form is very interesting but 
not characteristic as it is common to several compounds. 

The terms iron alloy and iron bottom have been used to 
designate a hard, gray and strongly magnetic mass forming 
the lower part of some of the reguluses and amounting in one 
case to rather more than one third of the same by weight. 
My analyses of these contain two errors which being in oppo- 
site directions about neutralize each other, only one of them, 
however, affects the ratio of the iron to tin when these are calcu- 
lated to one hundred, i. e. the carbon which seriously impairs 
the value of the ratios obtained and it is no matter for surprise 
that only one of the analyses gives even an approximate ratio: 
the fact that the material analyzed had to be used just as it 
was taken’ from the crucible may account for this in part but 
it is a question whether these bottoms are other than gray cast 
iron alloyed with or containing varying quantities of tin. 
My experiments seem to prove that their formation does not 
depend upon the presence of a large quantity of iron, i. e. that 
they are not products of dissociation, but that the presence of 
carbon is absolutely necessary to their formation. 

These compounds, which I have classed with the tin com- 
pounds despite this degree of uncertainty as to their true 
nature, demand our attention and awaken our interest even if 
they are related to cast iron, for they have been found to col- 
lect other compounds still to be described. 

State School of Mines, Rapid City, S. D. 
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Art. LXIV.—WNotes on the Cambrian Rocks of Pennsylvania 
and Maryland, from the Susquehanna to the Potomac ; by 
CHARLES D. 


[Read before the Philosophical Society of Washington, Oct. 29, 1892.] 


THE special study of the Cambrian rocks of the Southern 
Appalachians* was limited during the past field season to 
an examination of some of the more important exposures of 
the group in central Pennsylvania and Maryland. Within 
this area between the Susquehanna and the Potomac rivers 
two points have been the subject of investigation by geolo- 
gists, and decided differences of opinion exist in regard to 
the stratigraphy and the geological age of the rocks embraced 
within them. One is that of South Mountain as it occurs in 
Franklin, Cumberland, York and Adams counties, in Penn- 
sylvania. The second is the area about Hafper’s Ferry, 
Virginia. After an examination of the published literature, 
including geological sections and maps, it was decided to begin 
work in York county on the Susquehanna and to extend it 
southwest to the Potomac. Prior to this three days were 
spent at Mount Holly Springs, in the northwestern part of 
South Mountain, in a preliminary examination of the quartz- 
ites exposed at that point. The discovery of the lower 
Cambrian or Olenellus fauna in a synclinal trough near the 
western foot of the mountain, gave an important datum point 
which was afterwards of great service in work to the south in 
Franklin county. 


York County. 


Dr. Persifor Frazer considers the Lancaster limestones as 
probably the equivalent of the Calciferous and Trenton lime- 
stones of the fon York series, and mentions that the York 
limestone is a slender offshoot. The Hellam quartzite of 
York is called the “Chikis” quartzite, and is described as a 
basal formation upon which a series of schists occur that to 
the south “are, at all events, those slates in which the iron 
ores of Lancaster and York are invariably found, the transition 
series between the Primal and Auroral.”{ Professor Lesley 
deseribes in his final report$ the “Chiques” sandstone as the 
same formation as the Hellam quartzite of York county (as 


* Notes on the Cambrian rocks of Virginia and the Southern Appalachians, 
this Journal, vol. xliv, 1892, pp. 52-57. 

+ 2d Geol. Survey of Penn. Report of Progress in 1877. Geology of Lan- 
caster County, 1880, p. 4. t Loe. cit., p. 7. 
5 Geol. Survey of Penn. Summary Description of the Geology of Penn, vol. i, 

892, p. 165. 
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named by Frazer) and equivalent to the upper Cambrian 
quartzite of Walcott. He prefers to use the older name 
“‘Chiques” for these sandstones, stating that it is best to get 
rid of the old name ‘* Potsdam” sandstone, as there does not 
seem to be any satisfactory evidence that the proper Potsdam 
sandstones of the Canada line and Lake Champlain extended 
as far south as southern Pennsylvania. He says that the sec- 
tion at “ Chiques Rock” is not quite comprehensible at one or 
two points. I found that it was so complicated by thrust 
faulting that it is not a typical section. It exposes, however, 
the lowest of the Cambrian rocks now known to me in central 
Pennsylvania. The “ Chiques Rock” proper, near Chiques, is 
the Scolithus quartzite, and is in an unbroken section at the 
summit of the series of the quartzites and slates of the Chiques 
section although now apparently at the base of the section. 
The quartzites to the south, between “ Chiques Rock” and the 
limestones at Columbia, are older and have been raised up 
from beneath and thrust over on the Scolithus quartzite at 
“ Chiques Rock.” This is determined by the succession shown 
in the section exposed on the flanks of South Mountain, in 
Franklin county west of Monterey, reference to which is made 
in the notes on the geology of South Mountain. In relation to 
the stratigraphic position of the slates, ete., beneath the Lan- 
caster limestone, I will quote the statement of Professor 
Lesley, “The geographical proof that the slates overlie the 
quartzite is complete ; and establishes the correctness of Pro- 
fessor Rogers’ Upper Primal slate formation. The geological 
evidence is equally conclusive; for the general dip in the 
Chiques rock is southward, under the slates; and of the slates 
southward under the limestone.”* 

The continuation of “Chiques Rock” to the westward, in 
York county, forms the Hellam hills + and shows a broad anti- 
clinal of quartzite surrounded by schists. Numerous sections 
along the southern and western sides of the Hellam hills show 
that the quartzites pass beneath a series of shales, slates, sandy 
and calcareous layers that, in turn, pass beneath the limestones 
of the valley. 

It was my good fortune to have the acquaintance of 
Prof. A. Wanner, superintendent of publie schools at York. 
He volunteered to be my guide to localities where there 
were good exposures of the quartzites, schists and limestones, 
and he gave me valuable assistance. A reconnaissance was 
first made of the section at “ Chiques Rock” south to Colum- 


* Loe. cit., p. 172. 

+ I did not learn of any local name for this ridge of hills when in York county, 
and as most of the ridge is within the township of Hellam I shall speak of them 
as the Hellam hills. 
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bia, and then on the western side of the river from Wrightsville 
north to the quartzites. On the western side of the river the 
section appeared to be unbroken from the Hellam hills to 
Wrightsville, and to be as represented by Dr. Frazer* in his 
section along the right bank of the Susquehanna. In this the 
succession is from a quartzite (1) to shales (2) and to limestone 
(3), the latter in Wrightsville, at the Columbia bridge; the 
sandy shales and argillites (2) pass conformably beneath the 
massive limestone (3) which forms a deep synclinal fold before 
being cut off to the south by a fault. 

The second section examined was No. 2 of Dr. Frazer’s, 
extending from Emigsville south through Red Lyon station.t 
In the description of this section +t he refers the sandstone in 
the railroad cut just north of Emigsville to the Triassic New 
Red sandstone. At the northern end of the eut he noted a 
fine-grained sandstone, dipping 15° west, north 52 degrees. 
To the southward of this he describes a calcareous, sandy, pink 
shale, dipping south 5°, east 20°. This is subjacent to 27 feet 
of blue, finely laminated limestone, with white streaks, upon 
which rests a red bed of calcareous conglomerate two feet thick : 
this in turn is subjacent to a belt of reddish shaly sandstone, 
nine feet in thickness, which is capped by 156 feet of arena- 
ceous shales of a somewhat flaggy character. 

He says: ‘‘ There would seem to be, therefore, an anticlinal 
in the Triassic measures—the only instance of one recorded 
within the limits of this district. The contact line of lime- 
stone and Mesozoic sandstone lies within or just north of the 
town of Emigsville. The first recorded dip in the older for- 
mation when projected upon the line of section is 2,160 feet, 
or a little more than a third of a mile from the last dip.”s_ I 
mention the details of Dr. Frazer’s section as it. is the one 
which led me to the determination of the stratigraphic position 
in the geologic series of the Chiqnes quartzites and the York 
shales || which are subjacent to the Lancaster limestone.©, 
The fault betweeen the Pulses (Lower Cambrian) rocks and 
the New Red sandstone of the Mesozoic occurs in the railroad 
cut, at the point indicated in Dr. Frazer’s section as the crest 


*Second Geol. Survey of Penn.. 1876. Section 1, accompanying Report of 
Progress in the district of York and Adams counties for 1874. 

+ Loc. cit., Section 2. t Loe. cit., p. 88. § Loc. cit., p. 89. 

|The name York shale is proposed for the band of shales resting upon the 
quartzites surrounding the Hellam hills. It is peculiarly well developed in York 
county. and appears to be absent in many of the sections about South Mountain 
and about the same series of quartzites in Lancaster county. 

“| The term York limestone was proposed by Dr. Frazer for this limestone ; but 
as he states that it is a prolongation of the Lancaster limestone into York county, 
and that it is more fully developed in Lancaster county, I think it best to retain 
the term Lancaster limestone, as it is hardly necessary to call the same limestone 
by two different names in adjoining counties. 
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of the anticlinal in the New Red sandstone. No such anti- 
clinal exists. The southern leg of Dr. Frazer’s anticlinal is 
formed of rocks that bear no resemblance to the Mesozoic Red 
sandstone, and fossils of lower Cambrian age are abundant in 
the nine feet of compact, fine grained sandstone described by 
him. The section, from the fault line southward, is as follows: 
Thickness. 
Feet. 
1, Gray, banded and mottled limestones, with purplish bed 
of limestone at summit three feet thick. This limestone 
weathers into a more or less arenaceons shale. 
Strike, E. & W. (Mag.) Dip, 25° 8,.....---..--.---- 33 
2. Gray and ‘buff sandy shales passing (at 21 feet) into shaly 
sandstone and then into sandy shale, where a belt of 
calcareous quartzite occurs in layers varying in thickness 
Fossils :— Camerella minor, and fragments of Olenel- 
lus, showing portions of the head and thoracic segments.* 
3. From the fossiliferous beds just mentioned, for a ‘distance 
of 500 feet the hillside on the east of the railroad is 
covered with the debris of sandy shales, and several ex- 
posures occur along the wagon road. From the last of 
these to the first outcrop of limestone, a distance of 250 
feet, the debris of sandy shales and thin-bedded calcare- 
ous quartzite occur abundantly in the southward-lacing 
hillslope. As the last observed dip was 25° S., it is 
assumed that the section is unbroken, and a thickness is 
Fossils :—Numerous fragments of Olenellus and casts 
of Camerella minor occur in the calcareous quartzite 
interbedded in the shale. 
4. Massive-bedded, dove colored, banded limestones. Strike 
N. 20° W. (Mag.) Dip, 25° S.+ near base of series. Al- 
though the section is more or less concealed by soil, 
numerous outcrops occur in quarries to the south. These 
show a banded limestone in the lower portion of the sec- 
tion with numerous irregular, small, concretionary bits 
of limestone, usually elongated with the bedding plane. 
The average dip of the ‘beds is from 20° to 25°S. A 
beautiful section is shown in a quarry about one-fourth 
of a mile east of Emigsville, and in a quarry on the 
turnpike west of the railroad in the outskirts of the 
town. A little higher wtp in the section the limestones 
are massive, light colored, and, in places, almost a white 
crystalline marble. 


* On the line of strike of these beds, two miles northwest of Emigsville, the 
following fauna was found in the caleareous sandstones: Camerella minor, Obo- 
lella crassa, Hyolithes communis, and fragments of Olenellus. 

+ Dr. Frazer’s section indicates a dip of 85°. 1 was not able to discover the 
locality where he observed it. 
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At a quarry in a field east of the railroad track and 
near where the roadway turns to the eastward towards 
Codorus creek, the strike of the limestone is N. 15° W. 
(Mag.), and dip 15° S. One of the layers is quite fos- 
siliferous and gave fine specimens of a species of Salte- 
rella and Kutorgina, heads of small trilobites of the 
genera Solenopleura and Zacanthoides, and numerous 
fragments of the head and thoracic segments of a 
species of Olenellus. 

Further to the westward in an old quarry east of the 
Northern Central R. R. track, massive layers of lime- 
stone are shown that have a strike N. 20° W. (Mag.) ; 
dip 20 S., and contain fragments of the genus Olenellus 
and Protypus. The next higher exposure in the section 
is in a large and deep quarry just west of the R. R. 
track, between one-fourth and one-half mile south of 
Emigsville. About 60 feet of limestone is exposed. 
The strike is E. and W. (Mag.), with a dip of 10° to 
the south. In the lower portion of the quarry there are 
massive layers of arenaceous limestone, and about ten 
feet from the summit of the section, alternating bands of 
earthy and pure limestone in which numerous fossils 
occur. In the collection obtained I have recognized : 

Plates of Cystids. 

Kutorgina, n. sp. 

Orthisina festinata Billings. 
Olenellus (fragments). 
Protypus senectus Billings. 
The fragments of Olenellus indicate individuals as large 
as any known. The fossils range through about twenty 
to twenty-five feet of the limestone. The layers above 
the fossiliferous band are largely brecciated and form a 
limestone conglomerate. The estimated thickness of the 
entire series of limestone is -.--. ..-.---.------------ 

In the railroad cut the limestone is shown, and, a little 
to the south of them, cleaved slates the bedding of 
which strikes east and west (Mag.) and dips 10° south. 
There is an interval of 20 feet between the limestone 
and slates covered by debris. The limestone appears to 
pass beneath the slates, and from the areal distribution 
of the slates and limestone to the south and southwest 

it is probable that this upper band of slates has a wide 
distribution ; its thickness is unknown. 


An area of quartzite, No. 2 of section, is colored on the map 
two miles N. W. of Emigsville as of the same age as the 
Hellam quartzite. It is, as we now know, a thinner belt of 
quarizite resting in the calcareous and sandy shales above the 
quartzite of the Hellam hills. The next point determined 
was the actual relation of the Olenellus quartzite at Emigs- 
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ville with the massive Scolithus quartzite of the Hellam hills. 
In passing from Pleasureville towards York, on the steep side 
hill two miles west.of York there are exposures in the road- 
side of shales and calcareous sandstone above the massive 
quartzite of the Hellam hills. At a point probably 100 feet 
beneath the ferriferous shale in which the numerous ore pits 
occur on the south side of the Hellam hills, a species of 
Obolella, very closely allied to Obolella crassa, and fragments 
of Olenellus were found in the decomposed calcareous sand- 
stone. Ata locality about one mile south of Mt. Zion church, 
in Hellam township, and four miles northeast of York, numer- 
ous specimens of Camerella minor and fragments of Olenel- 
lus occur in a calcareous quartzite identical in character with 
that of the Emigsville section. These two localities prove 
that the Scolithus quartzites of the Hellam hills and of 
“Chiques Rock” are beneath the Olenellus calcareous quartz- 
ite of the Emigsville section and, therefore, of Lower Cam- 
brian age. 

Search was next made for fossils near-the base of the lime- 
stone above the ferriferous shales resting on the quartzites of 
Hellam hills. They were found at a short distance above the 
shales in a small quarry of thin-bedded limestone by the road- 
side, one and one-eighth miles north of Stoner’s station on the 
York & Wrightsville railway. The strike is a little north of 
west, and dip 45° south. Finely preserved specimens of 
Linnarssonia, closely allied to Linnarssonia sagittalis are 
abundant, and easily recognized fragments of a species of 
Olenellus are associated with them. Crossing the section to 
the south, occasional exposures were seen of massive bedded, 
light-colored limestones, much of the same character as those 
exposed in the quarries north of Wrightsville three miles to 
the eastward. The dip increased to 85° at the railroad track, 
which indicated that a compressed synelinal had been passed 
over in the section. The only locality where fossils were 
found within the main body of the limestone in York County 
was one and one-half miles southwest of the public square at 
York, Pa., on the north side of Highland Park. The species 
recognized are: one closely allied to Olenoides Marcoui, Pro- 
typus senectus, and two species of Ptychoparia, all of which 
belong to the Lower Cambrian fauna. When examining the 
section on the east side of the Susquehanna, in Lancaster 
county south of Columbia and north of Washington Manor, 
with Messrs. A. Wanner and Arthur Keith, a locality of lower 
Cambrian fossils was found in a narrow belt of limestone 
about half a mile north of Washington Manor. /Hyolithes 
communis and fragments of Olenellus showing portions of the 
head and thoracic segments were recognized in the material 
collected. 
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A glance at Dr. Frazer’s map of York county shows that it 
is probable that all of the limestones, quartzites and schists of 
the central portion of the country are of Lower Cambrian age. 
The Hellam quartzite ridge is, as stated by Dr. Frazer, evidently 
an anticlinal ridge broken on the northwest side by a fault that 
has brought the quartzite up against the higher horizons of the 
shales and limestones The anticlinal structure apparently 
extends to the southwest past York and towards Hanover.* 

The discovery of Lower Cambrian fossils in the compressed 
synclinal of limestone in Lancaster county, south of Columbia, 
indicates that the limestone on the west side of the river is of 
the same geological age; and that the shales and schists beneath 
it (called chlorite schists, ete., by Frazer) are of Lower Cambrian 
age; and I doubt if there is a sedimentary rock,—other than 
the Mesozoic New Red sandstone—of later age than the Cam- 
brian in York county, unless it may possibly be the Peach 
Bottom slate and chlorite schists of the southeastern corner of 
the county ; and from the closely related structure pf Lancaster 
county it is probable that all of the Lancaster limestones will 
fall within the Cambrian unless it be that some portions of 
the upper series of limestone may pass into the Ordovician. 
This generalization will also apply to the limestones of the 
adjoining counties of Berks and Chester and, in fact, to the 
entire extension of this series northeastward, to the Delaware. 
All of the quartzites, that have been referred to the Potsdam, 


will necessarily fall into the Lower Cambrian, as they are 


beneath the limestones. 

When it is once considered that the quartzites, called the 
Potsdam by the Pennsylvania Survey, are of Lower Cambrian 
age; that a series of shales and limestones, superjacent to these, 
are of Lower Cambrian age: that the Potsdam horizon of the 
New York series is represented by limestones in the Auroral 
series of Rogers; and that the Caleiferous-Chazy terrane of the 
New York section is represented only by the upper portions of 
the Auroral limestones, geologists will have little difficulty in 
determining the geologic horizons of the various outcrops of 
quartzites, schists, shales and limestones,—provided careful 
attention is paid to their sedimentary character and to the dis- 
covery of occasional localities of fossils. 


South Mountain. 


Prof. Lesley states that “the South Mountains,” separating 
the Cumberland valley from the lower country of York and 


* Southeast of the Hellam hills the iimestones appear to form a compressed 
synclinal and this structure may extend to Hanover and beyond to the S.W. 
My time was too limited to study the details of structure off of the line of the 
sections mentioned in these notes. 


a 
= 
3 
4 
4 


476 C.D. Walecott—Cambrian Rocks of Pennsylvania. 


Adams counties, form the northernmost end of the Blue Ridge 
range of Virginia....... The whole measures upon the 
map ten miles in breadth by fifty in length upon a curve ex- 
tending from the Maryland line to its eastern edge, fifteen 
miles west of Harrisburg.* 

From the Pennsylvania line southwest across Maryland, 
South Mountain extends, as the Blue Ridge, to Harper’s Ferry, 
and thence southwest across Virginia. It, also, practically 
includes the Cotoctin range, on the eastern side, which extends 
south from the southwestern portion of Adams county, Penn- 
sylvania, and crosses the Potomac at the Point of Rocks, and 
from thence extends south a little west of Leesburgh, Va. 
The Blue Ridge and the Cotoctin Ridge are the eastern and 
western sides of the mountain uplift of which the South Moun- 
tain, Pennsylvania, is the northern terminus. 

The classification of the rocks of Pennsylvania was summed 
up by Prof. H. D. Rogers as follows:—The Hypozoie rocks, 
or those underneath any life-bearing strata; Azoic, or those 
destitute of any discovered relics of life; and Paleozoic, or 
those entombing the remains of the earth’s most extinct forms 
once living beings.t 

It is evident from Prof, Rogers’ definition of the Azoic 

roup, that it included what we now recognize as the lower 
tee ng sedimentary strata beneath the Scolithus quartzite 
and, also an extended series of altered rocks that form the 
nucleus of the Blue Ridge, and which are now included in the 
Algonkian of the classification of the U. S. Geological Survey. 
He regarded the sandstone with Scolithus linearis as at the 
base of the Paleozoic series, and considered that the Primal 
slates beneath the sandstone, and in intimate alternation with 
it, did not possess a vestige of organic life. 

The conclusions of the geologists of the second geological 
survey of Pennsylvania, are “that there are two groups of rocks 
forming South Mountain. 

Prof. Lesley says: “The northwestern (Mt. Holly) ridge is 
made by several thousand feet of the lower quartzite and quartz 
conglomerate beds. The southeastern (Adams county) ridges 
are made by several thousand feet of an overlying feldspathic, 
micaceous and chlorite series, intersected by veins of milky 
quartz.”"t.... “It is hard to avoid the inference that our 
South Mountain rocks represent the Huronian section of Murray 
and Logan. It is impossible not to compare them also with 


* Second Geol. Survey of Penn. A summary description of the geology of 
Penn., vol. i, 1892, p. 142. 

¢ The Geology of Pennsylvania, vol. i, 1858, p. 64. 

t Second Geol. Surv. of Penn A summary description of the geology of Penn- 
sylvania, vol. i, 1892, p. 144, 
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the great quartzite masses, the roofing slates, etc., of Walcott’s 
upper, middle and lower Cambrian system.”* 

When I began the investigation to ascertain, by stratigraphic 
and paleontologic evidence, the geologic age of the South 
Mountain quartzite and the associated schists and slates, I soon 
discovered that there was very little prospect of finding the 
true geologic succession in the northern portion of the moun- 
tain, in Cumberland and York counties, owing to the folding 
of the strata and also to the fact that there were a number of 
westward thrusts of lower on higher beds, and that as a result 
of this the central core of the Blue Ridge had been broken and 
thrust over on the Lower Cambrian beds and, also, in places, 
resting apparently conformably upon the latter,—all having an 
eastward dip. The discovery of Olenellus with //yolithes com- 
munis in the massive quartzite series in the Mt. Holly ridge, 
just above Mt. Holly Springs in Cumberland county, proved 
that the great western mass of quartzites of South Mountain, 
with the interbedded shales, slates and conglomerates, were of 
Lower Cambrian age: but it did not throw light upon the geo- 
logic age of the orthofelsite series of Frazer and the epidotic 
rocks of Rogers. In company with Mr. Arthur Keith, of the 
U. 8. Geological Survey, who had mapped the Harper’s Ferry 
sheet, an examination was made across the ridges, from Mechan- 
icstown, Md., to Monterey and westward to Pikesville, in 
Franklin county, Pennsylvania. 

On entering the gorge, a little west of Mechanicstown, on 
the line of the Western Maryland R. R., an extended series of 
shales and slates was passed,—all having a very high dip to 
the southeast. About two miles from Mechaniestown, massive 
quartzites were observed with a high dip to the east, and, 
higher up in the gorge, there was a repetition of the slates 
found east of the quartzites. This section, from the dip of 
the quartzite, indicated a synclinal resting on a considerable 
thickness of slates and shales. A series of sections, by Mr. 
Keith, of the western, or Blue Ridge ridge extending from a 
oint eleven miles south of Mechanicstown to Harper’s Ferry, 
shows that this same synclinal structure prevails all along the 
ridge, and that a synclinal fold of massive sandstone forms the 
summit of the ridge, below which a series of shales rests 
unconformably upon the subjacent crystalline rocks.t The 
synclinal structure is also shown for the quartzites of the 
eastern or Cotocetin ridge. 

From a point two and one-half miles west of Mechanics- 
town to Monterey, the road led across the epidotic schists of 

* Loe. eit, pp. 147, 148. 


+The structure of the Blue Ridge near Harper’s Ferry. Bull. Geol. Soc, 
America, vol. ii, 1891, pls. 4 and 5. 
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the central mass of the range, which is now a mountain 
valley between the Cotoctin and Blue Ridge ridges. The 
schist extends to a point one-fourth to one-half a mile beyond 
the Blue Ridge station, on the Western Maryland R. R. 
Fragments of a rhyolite-like, porphyritic rock* were also seen, 
that probably represent the “ bedded petrosilex” of Dr. Hunt, 
as shown two miles south of this Monterey road, near Fox- 
ville, Maryland. Going down the road beyond Pen Mar 
towards Pikesville, there was an apparent repetition of the 
section on the eastern side of the ridge, near Mechanicstown 
Subsequently, an examination was made of the section from 
Monterey, Franklin county, Pennsylvania, to the valley on the 
line of the Waynesborough turnpike. Just west of Monterey 
a massive quartzite forms a plateau, upon which the Monterey 
hotel is situated. The dip of the quartzite is slightly to the 
northwest. A short distance beyond the toll-gate the dip to 
the northwest increases, and a series of sandy and argillaceous 
shales succeeds the quartzite. Following down the turnpike 
toward Waynesborough and near the foot of the ridge, these 
shales were found to pass beneath a light-colored, hard, com- 
pact quartzite dipping northwest, in which numerous remains 
of Scolithus linearis occur. By breaking the white quartzite 
many fragments of Olenellus showing parts of the head and 
thoracic segments were also found. In calcareo-arenaceous 
layers, just beneath the quartzite, fragments of Olenellus 
occur associated with specimens of Camerella minor. A series 
of more or less sandy shales next appears resting upon the 
Scolithus quartzite and having a northwesterly dip, toward 
the valley. Along the foot of the ridge, low hills of sandy 
shale and slate appear, capped with a thin-bedded calcareous 
quartzite or sandstone. In the latter, Camerella minor, 
LTyolithes communis, and fragments of Olenellus are abundant. 
A’ little west of these hills the limestones of the v alley appear. 
In this limestone, Awtorgina n. sp., and fragments of the head 
and thoracic segments of Olenellus were found a little east of 
the road leading up the east branch of Little Antietam creeke 
and about three miles east of Waynesborough. 

If reference is now made to the York county section it will 
be seen that the upper portion of the Monterey section is 
essentially a repetition of it—from the Scolithus quartzite to 
the limestones of the valley. The same fossiliferous Scolithus 
quartzite passes beneath sandy shales and slates, in which are 
interbedded caleareous quartzites carrying the Olenellus fauna ; 
these pass beneath the limestones of the valley in York 
county in which the Olenellus fauna occurs. In the Monterey 


*The description of the voleanic rocks of South Mountain by Dr. G. H. 
Williams is contained in the following article, p. 482. 
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section, however, there is in addition a series of shales beneath 
the Scolithus quartzite. that rests upon a massive quartzite 
forming the summit of the Blue Ridge, west of Monterey and 
beneath this a bed of slates unconformable to the subjacent 
erystalline rocks. 

The Blue Ridge was followed south into Maryland and 
crossed at several points before reaching Harper’s Ferry. All 
of the section shows the synclinal structure of the slates and 
quartzites as represented by Messrs. Geiger and Keith, in their 

aper upon the structure of the Blue Ridge near Harper’s 

erry.* South of Keedysville, Washington county, Mary- 
land, the quartzite, capping the slate hills west of the main 
ridge, was observed to pass conformably beneath the limestone 
at Eakle’s Mills, and //yolithes communis and fragments of 
Olenellus were found in the calcareous quartzite. The rela- 
tively simple stratigraphic structure of the Monterey section 
is complicated at, and near, Harper’s Ferry by the lower 
massive quartzite forming a synclinal and being thrust to the 
westward over the more recent shales, slates and limestones. 
The structure is still more complicated by the fact that the 
hills of sandy shale and slate (capped by the upper Olenellus 
quartzite) are thrust, on the line of a fault, over on to lime- 
stones which, in an unbroken section, rest upon the quartzites. 

It was this primary folding and subsequent westward thrust- 
ing, on the line of two or more faults, of the older upon the 
more recent strata at and to the north and south of Harper’s 
Ferry that led Messrs. Geiger and Keith to consider that the 
lower quartzites rested conformably upon the limestones and 
were of Silurian age.t 

Returning to South Mountain with the information gained 
between the Potomac and the line of the Chambersburgh and 
Gettysburgh pike, in Pennsylvania, and studying Dr. Frazer’s 
sections (Nos. 7, 8, 9, 10, 11 and 13) and also reading the 
descriptions of them, as well as Professor Lesley’s description 
of South Mountain (contained in Vol. I of his final report), 
it is evident that they have misinterpreted the true geologic 
structure of the mountain and the relations of the rocks com- 
posing it. Professor Lesley states that a massive fault must 
run along the foot of the mountain, along the low drift-filled 
valley of Yellow Breeches creek ; and this I think is correct, 
as the Olenellus fauna of the Scolithus quartzite zone occurs 
but a short distance east of the foot of the mountain, in a syn- 


* Bull. Geol. Soc. America, vol. ii, 1891, pls. 4 and 5. 

+ Loc. cit., pls. 4. and 5. A paper by Mr. Arthur Keith describing his present 
view of the structure will be found in the Dec. No. of the Am. Geologist for 1892. 

¢ Second Geol. Surv. Pa. Report of Progress in the counties of York, Adams, 
Cumberland and Franklin for 1875 published 1877. 
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clinal fold, at Mt. Holly Springs. Their error, however, is in 
considering that the “ orthofelsite” series is superior to the 
conglomerates, quartzites and schists which they referred to 
the Lower series. The Monterey section shows that the epi- 
dotic schists are inferior to the quartzites and slates and, a 
section west of Wolfsville, Md., that the “ petrosilex ” or rhyo- 
lite-like eruptive occupies a similar position. This type of 
section is repeated many times, both on the Cotoctin and Blue 
Ridge sides, from the Maryland line to the Potomac and south 
through Virginia. 

Professor Rogers and also Professor Lesley, referred the 
offsets of the ranges of hills of South Mountain, as shown in 
Franklin county and also on the north end of South Mountain, 
to the terminations of successive folds of the rocks forming 
the mountain. My impression is that these offsets and also the 
complicated structure of the mountain arise partly from fold- 
ing, but more largely from the westward thrusts of masses of 
strata along the line of faults of a low hade. This westward 
thrusting on the fault planes, complicated by previous foldings 
of strata, leaves masses of the subjacent pre-Paleozoic rocks 
resting, in various places, on different members of the lower 
Cambrian series, and also appears to interbed the quartzites 
and slates of the Cambrian in the schists, eruptives, etc., of 
the Algonkian.* 

The key to the succession of the lower sedimentary rocks of 
Maryland and Pennsylvania is contained in the Balcony Falls 
section of Virginia, although it can now be determined by a 
study of the section at Monterey and to the south, along the 
Blue Ridge toward Harper’s Ferry. 

In a letter received from Professor Lesley and dated Feb- 
ruary 22d, 1891, he asks: “ Is it impossible that there should 
be agreement between the Balcony Falls section of Virginia 
and the Mt. Holly Springs section, three hundred miles apart ?” 
He says, further, after commenting upon, the possible relations 
between the Baleony Falls section and that at South Mountain, 
in speaking of the strata of the Balcony Falls section: “ But 
what is 2,000 feet or 2,500 feet to 10,000 feet to 20,000 feet of 

uartzites and slates making (apparently—not certainly—) the 
outh Mountains? We are still in the dark about super- and 
sub-positions ; about absence or presence of overturn rolls, ete. 
I am only greatly impressed with the broad fact that we seem 

* From the finding of fragments of the eruptive rocks in the conglomerates at 
the base of the quartzite series, and from the numerous synclinals showing that 
the epidotic rocks and also certain rhyolitic eruptives are beneath the quartzite 
series I refer the similar rocks of South Mountain to a pre-Paleozoic age; and, 
as they are not of the character of the Laurentian crystalline complex, I would 


refer them to the Algonkian, but zo¢ correlate them with the Huronian or with 
any known division of that group of rocks. 
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to have the Huronian mass rising to view in the South 
Mountains of the Atlantic States.” 

I think that the view of Messrs. Frazer and Lesley that such 
great thicknesses of strata occur in South Mountain arises 
from the fact that these “ great thicknesses ” are but repeti- 
tions of both the Cambrian and pre-Cambrian strata from 
foldings and overthrust faultings and also from their not dif- 
ferentiating between the cleaved schistose eruptives of the 
Algonkian and the bedded and often cleaved sedimentaries of 
the lower Paleozoic. 

The section at Monterey and along that portion of the Blue 
Ridge is roughly, as estimated from the data obtained by Mr. 
Keith to the south and from the Monterey section, reading 
from below upwards, as follows: 


Feet. 
1. Shales and slates, well shown near Mechanicstown, 
Maryland, and in numerous sections along the Blue 
2. Coarse-grained and bluish-gray quartzite -...-.. 1000 to 1200 
At several localities the shales of (1) appear to be 
replaced by bands of conglomerate and shale ; and many 
of the layers of (2) are conglomeritic to a greater or less 
extent. 
8. Sandy shale, with interbedded layers of quartzite. ..-.- 800 
4, Scolithus quartzite, with interbedded calcareous sand- 
Fossils :— Camerella minor, and fragments of Ole- 
nellus. 
5. Sandy shales, with a series of calcareous quartzite near 
Fossils :—Camerella minor, Hyolithes communis, 
and fragments of Olenellus. 
6. Mottled limestone, with intercalated sandy and shaly 
Fossils :—Kutorgina n. sp., and fragments of Ole- 
This portion of the section is succeeded by the valley 
limestone, more or less of the lower portion of which is 
probably of middle and upper Cambrian age. 


The section includes from 3,000 feet to 3,500 feet of sand- 
stones and shales before reaching the limestones. Ina number 
of localities a conglomerate was observed in the Lower sand- 
stone series, in which fragments of the pre-Paleozoic crystalline 
rocks were imbedded. This phenomenon was observed on 
South Mountain, in the conglomerates mentioned by Prof. 
Lesley, and also along the Blue Ridge and the Cotoctin ridge 
to Harper’s Ferry; the conglomerate character of the rock 
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varying very much in the character and size of the coarser 
material. The feldspathic character of these shales and sand- 
stones is very distinctly marked beneath the Scolithus quartz- 
ite, both in the Baleony Falls and the Monterey sections. 

If these two sections are compared with that at “ Chiques 
Rock” and south to Columbia, in Lancaster county, Pa., it 
will be at once observed that the Scolithus quartzite, while 
the highest band of quartzite in the Balcony Falls and the 
Monterey sections, is the lowest in the “‘Chiques Rock” sec- 
tion which has the lower feldspathic sandstone and shales 
apparently above the Scolithus quartzite. It is from this fact 
that it is stated, in the first part of this paper, that the feld- 
spathic sandstones and shales were thrust over on the Scolithus 
sandrock in the “ Chiques Rocks” section. 


Art. LXV.—The Volcanic Rocks of South Mountain in 
Pennsylvania and Maryland ; by Grorce H. WIL.LiAMs. 
With Plate X.* 


Contents.—1. Object of this paper. 2. Supposed sedimentary origin of the 
South Mountain voleanic rocks. 3. Petrographical character: a) The acid rocks 
—rhyolites; b) The basic rocks—basalts; c) The pyroclastic deposits—tuffs and 
breccias. 4. Geological occurrence and relations to the sandstone. 5. Chemical 
alteration and metamorphism. 6. Comparison with other regions. 


[Read before the National Academy of Sciences, Nov. 2, 1892.] 


1. Object of this paper.—It is the object of the present 
communication to announce the identification of an extensive 
area of very ancient voleanic rocks which compose an im- 

ortant part of the South Mountain, south of the Susquehanna 
Reicer. The brief preliminary description of these rocks, 
which is all that can now be attempted, will, it is hoped, suf- 
fice to show that the hitherto accepted theory of their sedi- 
mentary origin has been based on a misinterpretation of the 
facts whiclr they exhibit. 

The rocks in question preserve abundant and convincing 
evidence—both structural, chemical, and petrographical—of 
their original character and genesis. At the same time they 
show various phases of alteration by recrystallization and 
dynamic agencies which render them valuable for the study of 
many problems of metamorphism. 

* The writer is under great obligations for many of the facts contained in this 
paper to Miss Florence Bascom, who has mapped in great detail one of the most 
diversified portions of South Mountain, near Monterey. Pa. She has collected a 
large material upon which she is now at work at the Johns Hopkins University, 
and her results, to be published in due time as a thesis, will go far toward fur- 
nishing detailed proof of the general conclusions here set forth. 
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Sorth Mountain rises about fifteen miles west of Harris- 
burg and extends, as may be seen on the accompanying map, 
in a great sickle-shaped curve to the Maryland line. Here it 
divides into two parts, known as Catoctin Mountain and the 
Blue Ridge, which diverge at a small angle and enclose the tri- 
angular Middletown valley, north of the Potomac. 

During the past summer the writer devoted considerable 
time to mapping the volcanic rocks of this region and to col- 
lecting suitable material for laboratory study. This has at 
present only been fairly entered upon, so that subsequent com- 
munications giving more detailed results, may be expected. 

2. Supposed sedimentary origin of the South Mountain 
Volcanic rocks —As far as is known to the writer, volcanic 
rocks have not hitherto been definitely described as such in the 
Appalachians. The rocks here under consideration have long 
been known to geologists, but they have before, with the ex- 
ception of a few of the most massive greenstones, been gen- 
erally regarded as of sedimentary origin. 

Professor Henry Rogers in 1858 speaks of South Mountain 
southwest of the Susquehanna, as embracing “a singularly 
small amount” of igneous rock. He alludes to the cleaved 
greenstones as “dark green slate,” and to the acid porphyries 
and felsites as “highly metamorphic Primal slate.” He con- 
tinually contrasts the highly altered slate and the unaltered 
sandstone,* although in reality one rock is scarcely more 
changed than the other. 

Philip Tyson, in his first report as State Agricultural 
Chemist made in 1860, speaks of the sandstone of South 
Mountain as Potsdam and says that it contains fossilized stems 
of plants. He also says: “ A slate, varying in color from gray 
to brownish and greenish, is ranked as an argillite, but portions 
of it assume a marked talcose appearance, especially in Catoc- 
tin mountain, where it has been much disturbed and altered 
by proximity to intrusive rocks. These last consist of amphi- 
bolites (trap), porphyries, amygdaloid, serpentine and epi- 
dote."t 

In 1877 appeared the results of Dr. Persifor Frazer’s studies 
of South Mountain. He regarded it as composed essentially 
of a westerly (older) portion, consisting of various modifica- 
tions of a quartz-conglomerate (Mountain Creek rock) and an 
easterly (younger) portion composed of orthofelsite, inter- 

* Geology of Pennsylvania, vol. i, pp. 203-5, 1858. 

+ First Report of P. T. Tyson, State Agricultural Chemist, to the House of 
Delegates of Maryland, January, 1860, pp. 34, 35 (cf. also p. 18). In his second 
report (1862. p. 70) he gives further particulars regarding Catoctin Mountain. He 
says ‘“‘a vast mass of epidotic trap, five miles wide, was forced up from below in a 
state of fusion. This embraces a mass of chert (rhyolite) 3000-4000 feet thick.” 


He describes the trap as carrying metallic copper, and regards it as the cause of 
the elevation of the mountain sandstone. 
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bedded with hydromica and chloritie schists.* Regarding the 
origin of these latter rocks, which like the conglomerate were 
placed below Rogers’ primal sandstone, Dr. Frazer made the 
following statement in 1877,+ repeating it two years later :t 
“The porphyry which carries the copper of this region shows 
no character of igneous action, but occurs in coarse and thin 
beds, more or less disintegrated, and in some localities reduced 
almost to the state of kaolin.” 

Dr. T. Sterry Hunt announced to the American Association 
for the Advancement of Science in 1876 that he had identi- 
tied petrosilex or hiilleflinta in South Mountain, which he had 
examined with Dr. Frazer. Dr. Hunt’s concurrence in 1879 
with Dr. Frazer’s opinion above cited, and his constant use of 
the term bedded petrosilex sutticiently indicate that he re- 
garded these rocks as sedimentary. He however correctly 
compares the South Mountain rocks with others in Missouri, 
the Lake Superior region, eastern Massachusetts, Maine, and 
New Brunswick, since shown to be volcanic, altlrough he saw 
in this similarity only evidence of their “ Huronian” age. 

The nearest approach to a recognition of the South Mountain 
rocks in Pennsylvania as voleanic was made by Mr. J. F. 
Blandy, who described the copper-bearing rock in 1879 as 
amygdaloid trap, and correlated it with the similar flows near 
Lake Superior. The acid felsites however were regarded by 
Mr. Blandy as slate. | 

In his recent final volume on the Geology of Pennsylvania, 
Professor Lesley follows in the main Dr. Frazer’s classification 
ot the rocks of South Mountain. Although he considers that 
the sandstone probably represents the “ Huronian” of Logan 
and Murry, he says it is impossible not to compare it with 
Walcott’s Cambrian System. The supposed overlying feld- 
spathie felsite series (orthofelsite of Frazer) Lesley estimates 
as 6,000 feet in thickness, and everywhere speaks as though he 
regarded it of sedimentary origin.% 

The cause of the prevailing misconception regarding the 
voleanie rocks of South Mountain is not difficult to find. 
Their accompanying accumulations of tuff beds and breccias, 
and the fact that they are generally cleaved parallel to the 


* Report of Progress in the counties of York, Adams, Cumberland and Frank- 
lin. Second Geol. Surv. of Penn. CC for 1875. Harrisburg, 1877, p. 285. 

+“ Copper Ores of Pennsylvania.” Polytechnic Review, vol. iii, p. 170, April 
28, 1877. 

¢ Trans. Am. Inst. Min. Engineers, vol. vii, p. 338, 1879. ; 

$ Proc. Am. Assoc, Adv. Sci., 1876, pp. 211, 212, and Second Geol. Survey of 
Penn., vol. E, 1878, p. 193. 

|“ The Lake Superior Copper Rocks in Pennsylvania.” Trans. Am. Inst. Min. 
Engineers, vol. vii, p. 331, 1879. 

“| A Summary description of the Geology of Pennsylvania by J. P. Lesley, 
State Geologist, vol. i, p. 146, 1892. 
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great structure-planes of the mountain, have all been readily 
interpreted as indications of stratification and conformity. The 
cleavage-dip in the sandstone has often been mistaken for bed- 
ding, while the thin jointing and slaty structure of the lavas, 
though a secondary feature, have seemed to geologists not 
very familiar with recent volcanic: rocks, sufficient proof of 
_ sedimentary origin. 

In spite of great age and some alteration, however, the 
volcanic rocks of South Mountain have preserved all the 
essential characteristics of our recent rhyolites and basalts in 
such perfection that the proofs of their real nature are, to the 
student of e¢omparative petrography, overwhelming, while to 
all who will candidly examine them they must be at least con- 
vincing. 

3. Petrographical Character.—Approximately 175 square 
miles of the area of South Mountain is occupied, between Mt. 
Holly and the head of the Middleton valley, with volcanic 
rocks. These belong to two types which exhibit sharp con- 
trasts of color, composition and weathering. One type is 
inclined to tints of red, pink, blue, or purple; is acid in com- 

osition ; generally porphyritic ; and weathers into thin slabs. 

he other type is almost invariably of a green color; basic in 
composition; frequently amygdaloidal; and weathers into 
rough, angular blocks. The rocks of the first type have been 
called felsite, orthofelsite, porphyry, or petrosilex; those of the 
second, trap, greenstone, chlorite-slate, or epidote-slate. In 
view, however, of the perfection with which these rocks have 
preserved the most characteristic features of their modern 
equivalents, there is no reason why they should not, like them, 
be termed rhyolites and basalts. The insignificance of mere 
age as a factor in rock nomenclature is now. so fully recognized 
that we may with propriety employ the names of our recent 
lavas for rocks of any geological horizon, when we can prove 
beyond doubt their identity. 

t is, of course, to be expected that many rocks of inter- 
mediate character will be found within this volcanic area. 
Since the petrographical and chemical study has, however, 
only begun, and since the contrast above noted is so well 
defined, the distinction of two types may at present be regarded 
as sufficient. 

a). The acid rocks, rhyolites.—The rocks of the acid type 
occupy somewhat more than two-thirds of the volcanic area of 
South Mountain—(see map). They occur in dykes and flows 
forming a body of great thickness; they are accompanied by 
ashes, tuffsand breccias; they are usually porphyritic, though 
not always so; they exhibit the characteristics of recent glassy 
and half-glassy rocks—flow-structures, perlitic structure, litho- 


| 


Am. Jour. Sci., Vol. XLIV, 1892. Plate X. 


Sovutn Mountain RHYOLITES. 
1.—Lithophysae, Raccoon Creek. 2.—Flowstructure, Raccoon Creek, 
3.—Spherulites, North of Tom’s Creek. 
(All reduced about one-half.) 


| 
4 
| 
; 2. 
3. 
| 


in Pennsylvania and Maryland. 487 


physae, spherulites (in masses, in layers and in chains), axiolites, 
pumice, amygdaloids, ete., ete.—in hardly less perfection than 
the specimens which Professor Iddings has so admirably 
described from the Yellowstone Park. 

These structures are preserved, in spite of the recrystalliza- 
tion of the entire rock-substance into a fine mosaic. They are 
therefore most apparent in hand specimens, especially when 
brought out by weathering; or, under the microscope, they 
are better seen in ordinary than in polarized light, as was the 
case with the old glass breccia, recently described by the writer 
from the Sudbury region.* 

The following is an analysis of a rhyolite specimen from 
the Gladhills road, near the Bigham Copper mine, on the 
north side of Pine Mountain, made by Mr. C. Hanford Hen- 
derson of Philadelphia, and published in 1884.+ This is a 
quite typical rhyolite analysis. When compared with analyses 
of our most recent acid lavas, the iron may seem a little high 
and the alumina a little low, but on the whole the-close agree- 
ment is a surprise. 
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The macroscopic features of the rhyolite are the best proofs 
of its true nature, for weathering brings out on the surface of 
the rock each delicate detail. In this way we discover every 
characteristic of glassy rocks, though there is no glass now 
remaining. Plate X, fig. 1, shows in photographic reproduc- 
tion a specimen five inches long, covered with lithophysze as 
perfect as any the Yellowstone can furnish. Their delicate 

etals are a pale pink, while the base has weathered white. 

ith a lens the radiating and minutely fluted, concentric struc- 
ture can be traced distinetly. Fig. 4 (p. 488), gives a some- 
what diagrammatic idea of this structure. 

Plate X, fig. 2, shows the delicate lines of flow-structure as 
they are displayed on the weathered surface of a specimen which 


* Bull. Geol. Soc. Am, vol. ii, p. 138, 1891. Ann. Rept. Geol Surv. Can. for 
1889-90, F, p. 75, 1891. 

+ ‘The Copper Deposits of South Mountain,” by C. H. Henderson. Trans. Am. 
Inst. Mining Engineers, vol. xii, p. 90. 
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in its interior is a homogeneous, dark purple felsite. On 
other specimens these flow lines are even more sinuous. This 
specimen was merely selected from a great variety Lecause it 
appeared well-fitted for reproduction. 

At some localities the rhyolite is crowded with spherulites. 
Plate X, fig. 3, represents a large specimen found north of 
the junction of Copper run with Tom’s Creek. Here the 
spherulites make most of the mass and have no regular arrange- 
ment. They have the size of large peas. In other cases the 
spherulites are of smaller size and more sparsely distributed. 
They are then not infrequently arranged in layers as described 
by Iddings in the Yellowstone obsidian.* One specimen from 
Raccoon Creek (No. 143) shows small but very perfect, grey 

_spherulites distributed, singly, in layers or in large aggregates 
through a black base which was once probably obsidian. In 
appearance it is not unlike the well known specimens from the 
Lipari Islands. 


inches, 


Fig. 4. Structure of a lithophysa brought out by weathering—natural size— 
No. 129, from Raccoon Creek. 

Fig. 6. Hand specimen showing chains of spherulites—No. 78, from near Snowy 
Mountain. 


Another very common arrangement of spherulites is shown 
in fig. 5. Here they occur in single layers, which, in 
cross-section, appear like chains, bent more or less out of their 
normal horizontal position by the flow-motion of the magma. 
The individuality of these spherulites is preserved, though they 
are so merged into one another that they approach the axiolitic 
structure. This structure is so frequent that it has doubtless 
helped confirm the idea that the felsite and porphyries were 


* Obsidian Cliff, 7th Ann. Rept. U. 8. Geol. Svrv., p. 276, Plate xviii, 1888. 
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stratified. It seems to be quite independent of the presence or 
absence of phenocrysts in the rock. 

Still another characteristic, which the South Mountain rhyo- 
lites possess in common with many recent lavas, is what we 
may call the eutaxitic structure.* This consists of the close 
intermingling of two portions of the magma which, on account 
of some slight differences in chemical composition or hydra- 
tion, show a marked contrast in color. ‘The two portions may 
be, for instance, black and white, pink and blue, or red and gray. 
They mingle so as to produce in some cases an irregular mott- 
ling; in others a complex series of interlacing bands which 
bring out the flow-structure in a striking manner. Specimen 
No. 145, from Raccoon Creek, shows small black areas resemb- 
ling shreds of glass, imbedded in a pink base which, ona 
weathered surface, appears snow-white. 

Amygdaloidal structure, representing old vesicles more or 
less elongated by motion in the viscous mass, is much less eom- 
mon in the acid, than in the basic rocks. Fine examples of it 
were, however, found at the Bigham Copper mine; along 
Raccoon Creek and at the eastern end of the Jack’s Mountain 
tunnel (Nos. 20, 147 and 7). Asa microscopic feature this 
vesicular structure is still more common, (see fig. 6). Per- 
litic parting, so characteristic of glassy rocks, may be detected 
macroscopically in many felsite specimens. 

The microscopical characters of the South Mountain rhyo- 
lites are far too varied to be described in a brief paper like the 
present. It must suffice to say that, in spite ‘of the recrystal- 
lization of the substance, we still find in great perfection all 
the essential features of the most recent acid lavas. Corroded 
and skeleton phenocrysts of quartz, micropegmatitic inter- 
growths of quartz in feldspar phenocrysts,+ and phenocrysts 
broken by the flow movement. In the groundmass we find 
spherulitic tufts, axiolites, elongated vesicles filled with quartz, 
trichites and globulites in great variety, which bring out each 


detail of flow-structure. All the particulars of microscopic 


structure call for extended study and description. For the 
present purpose, however, which is merely to establish the 
character of these rocks, what has been said must suffice. 

In mineralogical composition the South Mountain rhyolites 
are quite uniform. When phenocrysts are present, the most 
abundant are alkali feldspar.. Quartz in rounded bipyramids 
is always to be found with the feldspar under the microscope, 
although it is not so often apparent to the unaided eye. In 
only a single instance (No. 257D, from the head of Miney 

* Fritsch and Reiss: Tenerife, p. 414, 1868. Rosenbusch: Die Massigen Ge- 


steine, 2d Ed., p. 625. 
+ J. P. Iddings: loc. cit., p. 274 and Plate xv. 
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run) has any ferro-magnesian constituent as yet been detected. 
In this case biotite is abundant as an original mineral. The 
Soest of the rhyolites is for the most part a quartz- 
eldspar mosaic of varying grain, much of which is the result 
of devitrification and recrystallization, though some of it is 
also probably original microgranite. 


Fig. 6—Axiolitic and vesicular flow Fig. 7 —Flow structure. No. 61, 
structures. No. 77 from near Snowy South of Willow Grove, Pa., mag. 5 
Mtn., mag. 5 diameters. diameters. 


Attention has been called by Tyson,* Hunt+ and Frazert 
to the beauty of the South Mountain porphyries, and to the 
fact that they are so susceptible of a high polish as to make 
them valuable for decorative purposes. Many of them closely 
resemble the famous porfido rosso antico of Egypt, which is 
largely used by the lapidaries of Rome. 

b) The basic rocks, basalts.—The basic lavas of South 
Mountain occupy an area about one-half as large as that cov- 
ered by the acid ones. They reach their maximum develop- 
ment near the State line, where, along the southern edge of 
Pennsylvania and for a considerable distance into Maryland, 
they form the entire width of the voleanic belt. North and 
south of this main body, the basic rocks or greenstones are 
everywhere met with as narrow bands intersecting the rhy- 
olites and following the general trend of the mountain. These 
bands differ much in their width, but seem to be most devel- 
oped along the eastern flanks of Green Ridge and Piney 

ountain. 


* First Annual Report, 1860. Appendix, p. 3. 

+ Proc. Am. Assoc. Ady. Science, 1876, p. 212 (compares them with the EIf- 
dalen porphyries). 

t Second Geol. Survey of Penn., vol. CC, p. 285. 
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These rocks have been more generally sheared into slates 
than the acid lavas. The chemical alteration which has gone 
on in them is also in general greater. Still large masses of the 
basic rocks have been but little altered and remain quite 
massive. These, which are locally known as “copper rock,” 
are the only members of the volcanic series whose igneous 
origin has been heretofore conceded. They are for the most 
part very fine “pew vesicular flows, whose original structure 
is still so well preserved that they may with propriety be 
called basalts. 

The following analysis, also by Mr. C. H. Henderson, of a 
massive greenstone from the Bechtel copper shaft, Russel 
mine, is published by Dr. Frazer.* This is a normal basalt 
analysis, indicating as little chemical change in the basic rocks 
as the one given above does in the acid rocks. 


18-480 
5-200, 


Basic voleanic rocks never exhibit so great a variety of strue- 
ture forms as characterize the more acid rhyolites. The South 
Mountain basalts are usually homogeneous, dark to pale green 
masses which rarely show any microscopical phenocrysts and 
whose most constant feature is amygdaloidal structure. These 
cavities vary greatly in size, shape, and abundance. They are 
often elongated by flow-motion in the lava and are now filled 
with a number of secondary minerals, the most abundant of 
which are epidote, chlorite, quartz, and zeolites. Traces of 
original glass or spherulitic structure (variolite) have not yet 
been detected in the basalts. 

The mineral constituents of basic rocks are more subject to 
alteration than those of acid ones. It could not be expected 
that basalts so ancient and so vesicular as those of South 
Mountain would escape all change, but it is a surprise in many 
cases that this change has been so small. The ferro-magnesian 
constituents have always altered to epidote, chlorite or serpen- 
tine, but the structure is frequently preserved in its minutest 


* “Hypothesis of the structure of the Copper belt of South Mountain,” Trans. 
Am. Inst. Min. Engineers, vol. xii, p. 82, 1883-4. 
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detail. Under the microscope the ophitic network of feldspar 
laths is still fresh, and the delicate twinning as distinct as in a 
recent lava. The form of the basaltic magnetite, of the olivine 
phenocrysts, and of the interstitial pyroxene is also plainly 
visible, while the arrangement of the feldspar microliths 


among the oval vesicles clearly indicates the motion of the 


still viscous mass. 

Fig. 8 gives two types of the basaltic structure. The one 
on the left shows skeleton phenocrysts of olivine and a fine 
grained, ophitic groundmass. 


Fig. 8, mag. 5 diameters. 
Left half—Basalt with skeleton olivines, ophitic structure, fresh feldspar. 
Ampygdules filled with quartz and chlorite. Railroad, east of Monterey. Pa. 
Right half—Somewhat coarser grained basalt. Amygdules filled with zeolites 
and quartz grains. Railroad, east of Monterey, Pa. 


Both have large amygdules which are either oval or of 
irregular shape, and filled with different minerals. 

e) Pyroclastie deposits, tuffs and breccias.—As is generally 
the case with large accumulations of surface eruptions, the 
South Mountain lavas are accompanied by extensive deposits 
of pyroclastic material. This includes coarse flow- and tuff- 
breccias, pumiceous bombs, and banded accumulations of fine 
voleanic ash. Like the massive rocks, this fragmental matter 
is both acid and basic in composition. 

The most striking and important area of acid tuffs covers 
about a square mile in the Buchanan valley, at the eastern base 
of Piney Mountain, two miles north of the Chambersburg 
turnpike. Here the rock is a breccia whose component frag- 
ments vary from two or three feet in diameter to the finest 
ash. All sizes, shapes, and colors are heterogeneously mingled, 
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and the result bears a superficial resemblance to the well- 
known triassic breccia (“ Potomac marble,” “ calico rock”) of 
the Frederick valley. The material in this case, instead of 
being limestone, is entirely rhyolite, and exhibits remarkable 
variety of structures and colors. Both flow- and tuff-breccias 
occur here, while a portion of the mass has been sheared into 
a quite fissile slate. Similar acid tuffs, though of less striking 
appearance, occur at many other points (Raccoon Creek, Mon- 
terey, old Furnace road, ete.), and will doubtless continue to 
be discovered as the examination of the region proceeds. 

Fragmental deposits consisting wholly of basaltic material 
abound along the Western Maryland railroad near Monterey, 
and farther south. The finer cementing material is in these 
almost always altered to epidote. It is also not uncommon to 
find coarse breccias consisting of both the acid and basic types 
of rock, but a careful search has thus far failed to discover 
any fragments of sandstone in these pyroclastic beds. 

4, Geological occurrence and relations to the Sandstone.— 
No evidence is necessary, beyond the petrographical charac- 
ters above described, to establish the igneous and volcanic 
nature of the South Mountain rocks. Additional evidence of 
a purely geological kind is not, however, wanting. The vicis- 
situdes Fs. which these ancient rocks have passed, and 
their present inadequate exposure, tend to obscure their orig- 
inal relationships. Nevertheless dykes may be seen at various 
points, especially at the western end of the railroad tunnel on 
Jack’s Mountain, where an amygdaloidal red felsite cuts the 
massive and schistose greenstones. Further exploration will 
doubtless bring to light many similar occurrences. Successive 
flows are not now easy to separate, but the amygdaloidal and 
fluidal structure of the rocks indicates that they must have 
been extruded in this form. 

The age of the South Mountain volcanics and their relations 
to the sandstone in which Mr. Walcott has recently identified 


_the lower Cambrian fauna, are points of great interest. The 


hypothesis of the Pennsylvania geologists that the green- 
stones and felsites lie above the sandstone is evidently incor- 
rect. It may, however, be regarded as an open question 
whether the volcanic rocks represent a much older horizon, 
which was already eroded before the sandstone was deposited, 
or whether they were, in part at least, contemporaneous with 
the sandstones. 

The entire absence of sandstone as inclusions in the lavas, 
as well as in all the accumulations of pyroclastic material ; 
the observations of Keith, Geiger* and Walcott,+ that the 


* Bull. Geol. Soc. America, vol. ii, p. 155; plates 4 and 5. 
+ This number of this Journal. 
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sandstone lies flat or in synclinals ; and the sections made by 
Miss Bascom across Monterey Peak, Pine Mountain, Jack’s 
Mountain, and Haycock near Monterey, all indicate that the 
sandstone is altogether above the voleanie rocks, and that it 
has been only sporadically left by erosion on the east side of 
the mountain in Pennsylvania. In Maryland the volcanic 
rocks are flanked both on the east and west by sandstone (see 
map). No alternations of relatively thin beds of sandstone 
and lava have thus far been observed. The contacts of the 
sandstone above the porphyry on the old tapeworm railroad 
southwest of Maria’s Furnace, and above the greenstone in the 
Jack’s Mountain railroad tunnel are both admirable exposures, 
but both seem to be thrust-planes and are not contacts of original 
deposition. 

The South Mountain voleanie rocks therefore become, not 
merely in their petrographical character and richness in metal- 
lic copper, but also in their stratigraphical position, comparable 
with the Keewenawan or Nipigon series of Lake Superior. 

5. Chemical Alteration and Metamorphism. — Extensive 
chemical changes, involving devitrification and the formation 
of new minerals, have gone on in all the volcanic rocks of South 
Mountain without destroying the original structures. In other 
cases, where there has been movement and shearing, the same 
rocks have lost both their original minerals and structures by 
a process of complete metamorphism. The results are more or 
less perfectly foliated schists and slates, whose origin can be 
positively traced to the volcanic rocks, and whose present form 
can be shown to depend upon the intensity of the dislocation 
to which they have been subjected. 

The chemical changes which have not affected the massive 
character of the rocks consist of the formation of new minerals 
to accord with the altered physical conditions. These have, as 
a rule, merely replaced the former minerals so as to leave the 
original structure of the rock intact. In the basic rocks the 
new minerals are epidote, fibrous green hornblende, chlorite, 
serpentine, iron oxide, and, to less extent, calcite and quartz. 
Of these by far the most important is epidote. Indeed the 
conditions for the formation of this substance must have been 
exceptionally favorable, as it has everywhere been produced in 
great abundance, Some of the finer material, like volcanic ash 
or breccia cement, is wholly altered to this mineral. It is 
also the most common filling of the amygdules. 

In the acid rocks there has been a complete recrystallization 
of all glass into a fine quartz-feldspar mosaic, which, however, 
still exhibits the original structures. The conditions favorable 
to epidote formation are manifest in these rocks in the presence 
of large amounts of the manganese epidote (piedmontite). 
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This rare mineral is so abundant and occurs in such interesting 
relations that it will soon be made the subject of a special com- 
munication. 

The manner in which these compact, fine-grained rocks have 
been reduced along lines of shearing into fissile slates is most 
instructive. This is accompanied by the abundant production 
of sericite in the acid, and of chlorite in the basic rocks, while 
the phenocrysts and all original structures are obliterated. 
Amygdules, where present, usually remain as flattened spots, 
either lighter or darker than the rock. Several suites of speci- 
mens have been collected to illustrate this process, but the 
account of its details must be reserved for a future paper. 

That the large area of fissile, pale green schists occurrin 
between Pine Grove Furnace and Laurel Forge consists o 
sheared felsite may be seen from the following analysis, made 
for commercial purposes by A. 8S. McCreath. This rock, which 
is locally known as “soapstone,” is extensively used at Pine 
Grove Furnace in the manufacture of brick. Its alkalies were 
not determined. 


13-860 
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6. Comparison with other regions—The comparative rarit 
of very ancient voleanic rocks in America as compared wit 
Great Britain* and other parts of Europe is doubtless due to 
their not having been recognized, rather than to their actual 
absence. The opinions entertained by Hunt of rocks like those 
of South Mountain have greatly retarded, in this country, the 
appreciation of their true character. Still they are well known 
on Lake Superior and in Missouri through the writings of 
Irvingt and E. Haworth; Wadsworth§$ and Diller| have 
described them in eastern Massachusetts, Shaler{ in Maine, 
and the northern continuation of this same belt has been made 


* Sir A. Geikie: Anniversary Address, Quart. Jour. Geol. Soc, vols. xlvii and 
xlviii, 1891-1892. 

+ Monographs U. &. Geol. Survey, v, 1883; and Bulletin, No. 62, 1890. 

¢ Am. Geologist, vol. i, p. 280, 1888, and Bull. Missouri Geol. Survey, No. 5. 

§ Bull. Mus. Compar. Zool Cambridge, vol. v, No. 13, p. 282. 

| Ibid., vol. vii. No. 2, 1881. 

| This Journal (IID), vol. xxxii, p. 40, 1886. Ann. Rep. U.S Geol. Surv., vol. 
viii, p. 1043, 1889. 
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known by the Canadian geologists, Bailey, Matthew and Ells, 
in New Brunswick.* Bell has also recently described similar 
rocks in the Sudbury region.t 

Similar areas are easily recognizable in Canada and Maine 
from the writings of Hunt, Jackson and Hitchcock, in spite of 
the fact that they are not properly interpreted. Volcanic 
rocks have not before been clearly identified in the Appalach- 
ians, but if attention is called to them they will doubtless be 
recognized at many other points. 


Petrographical Laboratory, 
Johns Hopkins University, Nov. 1, 1892. 


SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PHysiIcs. 


1. On the Temperature of Steam from Boiling Salt-solutions. 
Considerable diversity of opinion exists on the question of the 
temperature of the vapor arising from boiling salt-solutions. Cer- 
tain observers, as Faraday, Wiillner and Magnus, maintain 
that this temperature is the same as that of the solution, while 
others, as Rudberg and Miiller, hold the opinion that it is practi- 
cally the same as that arising from water, boiling under the same 
pressure. In order to settle the question Sakurar has made a 
series of experiments in which certain sources of error incident to 
previous methods of investigation were avoided. His apparatus 
consisted of a long necked flask containing the solution, through 
the stopper of which two thermometers passed, one with its bulb 
in the solution the other with its bulb in the vapor above it. The 
neck of this flask was surrounded with a jacket, into which vapor 
could be passed from a boiler, and which was connected with a 
condenser. <A third thermometer indicated the temperature in 
the jacket. Through a tubulure in the side of the flask, steam 
was blown in order to supply sufficient vapor to maintain the tem- 

erature in the neck, the excess of vapor passing off through a tube 
in the stopper. The solution to be examined was placed in the 
flask without soiling the neck, the stopper was inserted, a solution 
of acetic acid boiling at a slightly lower temperature than the 
solution was placed in the boiler and made to boil, and the gas 
was lighted under the flask. When the solution was heated to 
boiling, steam was admitted through the lateral tubulure and the 
whole being in equilibrium, the temperature of the thermometer 
was read. With a dilute solution of calcium chloride, the tem- 

erature of the solution varied from 112°5° to 113°3°, that of the 
jacket from 110°8° to 111°9° and that of the vapor from 111°2° to 


* Ann. Rep. Can. Geol. Sury., 1877-8 DD, and 1879-80 D. 
+ Ibid., for 1889-90 F, 1891. 
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113°3°; the difference between the temperature of the vapor and 
that of the solution, in eight experiments, being as much’ as one 
degree in a single case only. Solutions of potassium nitrate and 
of sodium nitrate gave similar results. “The experiments above 
described prove beyond any possible doubt,” says the author, 
“that the temperature of the steam escaping from a boiling salt- 
solution is exactly the same as that of the solution. This I be- 
lieve is the first occasion on which the above important fact has 
been experimentally established.”—/. Chem. Soc., lxi, 495, June, 
1892, G. F. B. 

2. On the Allotropism of Amorphous Carbon.—A graphitite 
has been investigated by Luzi, obtained from the chalk at Wun- 
siedel in the Fichtelgebirge, which was pronounced by both Fuchs 
and by Sandberger to be amorphous carbon, the latter consider- 
ing it identical with the graphitoid or schungite of Lauer and 
Inostranzeff. A similar graphitite, occurring at Storgird in Finn- 
land, has also been examined by Luzi. It occurs in the form of 
dark gray nodules which mark paper like graphite, have a con- 
choidal fracture but no cleavage. Its density is, 2°255-2°26 at 
17°5°, and on combustion in oxygen it leaves 0°67 per cent ofa light 
yellow ash. The Wunsiedel mineral has a density of 2°207, and 
is also entirely amorphous, It is free from hydrogen and _ nitro- 
gen, and on oxidation with potassium chlorate and nitric acid, 
gives, after five successive treatments, an orange-yellow sub- 
stance, becoming brown on drying and insoluble in water and 
nitric acid. On heating, it is decomposed with a hissing sound, and 
glows, leaving behind a black powder. Under the microscope it 
appears to consist of minute irregularly rounded plates, which are 
doubly refracting. On analysis it gave 57-99 per cent of carbon, 
1:93 per cent of hydrogen and 46°08 per cent of oxygen. Since 
ordinary amorphous carbon is completely oxidized by treatment 
with potassium chlorate and nitric acid, as is also schungite, and 
since graphite is converted into graphitic oxide by this treatment, 
the author considers this a new variety of amorphous carbon 
resembling graphite in the products of its oxidation. Indeed it 
appears to resemble closely graphitite produced in arc-light car- 
bons, the oxidation-product of which gave Berthelot C 51-95, 
H 1°55 and O 46°50. This product the author calls graphititic 
oxide.— Ber. Berl. Chem. Ges., xxv, 1378, April, 1892. G. F. B. 

3. On amorphous Boron.—Moissan has prepared the so-called 
amorphous boron by the various methods described and has ana- 
lyzed the products. By the method of Gay Lussac and Thenard, 
acting on boric oxide with potassium, using a copper tube, the 
product. contained 44°1 per cent of boron. By acting on boric 
oxide with sodium in presence of sodium chloride, the method of 
Deville and Wohler, a product containing 62°50 per cent of boron 
was obtained. By acting on potassium borofluoride with potas- 
sium, method of Berzelius, the product contained 51°15 of boron. 
On extracting the second product with boiling hydrochloric acid, 
the quantity of boron was raised to 71°97 per cent; extraction 
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with water lowering it to 32°38 per cent. In consequence the 
author first attempted to prepare boron electrolytically. When 
a current of 35 amperes is passed through boric oxide mixed with 
one fifth of its mass of sodium borate and heated to 1200°, boron 
is set free but at once burns to oxide. He then tried reduction by 
means of magnesium, mixing 70 grams of finely powdered mag- 
nesium with 210 grams of recently fused boric oxide, and heating 
the mixture to bright redness ina clay crucible. After the action 
was over, the mass was treated with water acidulated with hydro- 
chloric acid, then with boiling strong hydrochloric acid, then with 
alcoholic potash and finally with hydrofluoric acid. The product 
was a light maroon powder, containing 94 or 95 per cent of 
boron. If this be fused with 50 times its wéight of boric oxide 
and again treated with magnesium a product is obtained contain- 
ing 98°3 per cent of boron. And if the 1eduction be effected in a 
crucible brasqued with titanic oxide and carbon, the percentage 
of boron may reach 99°2.—C. &., exiv, 319, 392; J. Chem. Soc., 
lxii, 681, 682, June, 1892. G. F. B. 

4. On the Atomic Mass of Boron.—ABRAHALL has determined 
in Dixon’s laboratory the atomic mass of boron by titrating boron 
bromide by means of silver nitrate. The mean of five accordant 
determinations gave 10°825.—J. Chem. Soc., lxi, 650, Aug., 1892. 

G. F. B. 

5. Absorption power of metals for the Energy of Electrical 
waves.—Hertz concluded from his experiments that the production 
of resonance and the period of oscillation in resonators are not 
affected by the specific resistance or the magnetic properties of the 
secondary conductor. BuserKnes of the University of Christiana 
has examined this subject using an electfometer and finds that cop- 
per, brass, german silver, platinum, nickel and iron show differ- 
ent absorptive powers. The rate of absorption increases with the 
resistance and the magnetization of the metal. Iron and nickel 
showed a marked damping effect. Their magnetization however 
could be reversed one hundred million times per second. Bjernkes 
makes no reference to earlier papers of John Trowbridge and also 
of Professor Thomson of Cambridge, England, on this subject. 
Ann. der Physik und Chemie, 1892, No. 9, pp. 69-76. oe: 

6. Electrical Oscillations.—M. ZEHNDER exhibits to a large 
audience Hertz’s oscillations by placing the conducting rods in 
the focal line of a concave mirror. ‘These rods are connected with 
a Geissler tube within which the ends are placed very close to- 
gether so that a general luminosity is produced inside the tube. 
The effects are augmented by a species of relay. On either side 
of the terminals of the resonator are two other terminals from a 
circuit of 600 Planté cells of small size, which are regulated so 
that the current is just able to pass between the terminals. When 
the resonator responds to the electric oscillations the discharge 
from the cells is augmented. It is also possible to work with 
another Ruhmkorff coil instead of with the secondary battery. 
Ann. der Physik und Chemie, 1892, No. 9, pp. 77-92. J. T. 
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7. On Joints in Magnetic Circuits.—Prof. Ewrxe shows the 
great effect of joints in reducing the residual magnetism of iron. 
The division of a ring 30™ long into two half rings abutting 
against each other with the smoothest possible joints has the effect 
of reducing the residual magnetism from 9,000 to 6,000. ‘A sim- 
ilar reduction occurs in magnetic tests of bars when these are 
made to form part of a magnetic circuit by the addition of a ma- 
rine iron yoke.”— Phil. Mag., Oct., 1892, pp. 320-326. J. T. 

8. Measurement of high temperatures.—Lupwic and 
Witty WIEN discuss the electrical methods of measuring high tem- 
peratures and give results obtained by the use of a thermo-ele- 
ment of platinum and platinum-rhodium. This method appears 
to be preferable to Siemens’s method of observing change in elec- 
trical resistance. The authors obtain concordant results for the 
melting point of gold, silver and copper.—Ann. der Physik und 
Chemie, 1892, No. 9, pp. 107-134. 

9. Color Photography.—Liremann by the aid of a very sensi- 
tive bromide of silver albumen plate, made orthochromatic by a 
solution of azalin and cyanine has succeeded in photegraphing the 
solar spectrum. Also a colored church window, a parrot, and 
other colored objects. The time of exposure with sunlight and 
the electric light varied from five to ten minutes. With diffuse 
light an exposure of several hours was necessary.— Comptes 
Rendus, cxiv, p. 961, 962, 1892. 

10. Electrical Resistance of Metals at Low Temperatures.—Prof. 
Dewar and Prof. Fiemrne have studied the electrical resistance 
of metals at the temperature of boiling oxygen, —197° C., and 
find an enormous decrease in the specific resistance of perfectly 
pure metals. Pure iron at —197° C. has 5 of its resist- 
ance at 100° C. and pure copper 34. The smallest impurity 
affects the results to a remarkable degree. A carbon filament 
such as is used in an incandescent lamp continually increased in 
resistance as the temperature was lowered. Carbon thus acts 
just the reverse of metals. [ron and nickel change most. Pure 
iron at the temperature of boiling oxygen, —197° C., conducts 
better than electrolytic copper at ordinary temperatures. — Phil. 
May., Oct., 1892, pp. 326-337. J. T. 


II. GroLtogy AND NATURAL Hisrory. 


1. Les Régions Invisibles du Globe et des Espaces célestes: 
Eauze Souterraines, Tremblements de Terre, Météorites ; par A. 
Dausré&e, Membre del’ Institut. 240 pp. 8vo, 1892. —This volume 
is one of the series entitled ‘‘Bibliothéque Scientifique Interna- 
tionale,” published at Paris under the direction of Em. Alglave. 
Prof. Daubrée has here brought together some of his very valu- 
able papers illustrating geological principles by experimental re- 
searches. The papers included are the following: I. The work 
of subterranean waters at the present time; II. The part they 
have taken as mineralizers during geological time; III. Earth- 
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quakes; IV. The geological work of subterranean gases; V. 
Meteorites, and the constitution of the globe. It is greatly to the 
advantage of the science that Prof. Daubrée has made his import- 
ant memoirs so conveniently accessible to those interested in the 
subject. This second edition contains several new figures. 

2. The Pleistocene History of Northeastern Iowa; by W. J. 
McGEE; pages 189 to 577 of the eleventh annual report of the 
director of the U. S. Geological Survey for 1889-90. A notice of 
this very complete memoir on northeastern Iowa is deferred to 
another number. 

3. Geological Survey of Iowa.—A bill for a new geological 
survey of lowa passed the legislature of the State last winter. 
The appointments made for the Survey are Prof. 8S. Calvin, 
Geologist, Charles R. Keyes, Assistant Geologist, and G, E. 
Patrick, Chemist. 

4, Tiefencontacte an den intrusiven Diabasen von New Jersey. 
A. ANDREAE and A. Osann. (Verhandlungen des Naturhist.- 
Med. Vereins zu Heidelberg).—The locality which was personally 
studied by the writers is that at Jersey City and the diabase that 
of the well known Palisades. The contact of this diabase with 
the Newark shales is remarkable in that in extent and character 
it resembles that of the coarse granular abyssal rocks and not the 
ordinary diabase contact. The shales and arkose are completely 
changed to silicate hornstones, of which several varieties, one rich 
in tourmaline, are described. Thus the opinion that this diabase 
is intrusive receives strong support. L. V. P. 

5. Eleolite-Syenite of Litchfield, Me. and Red Hill, N. H. 
W.S. Baytey (Bull. Geolog. Soc. Am., vol. iii, pp. 231-252).— 
This paper gives a careful and minute petrographical and chemical 
study of two varieties of eleolite-syenite. ‘The occurrence at 
Red Hill, N. H., had been previously described by Hawes in his 


Lithology of New Hampshire as a hornblende syenite, the nephe-. 


lite having been overlooked. It consists of augite, hornblende, bio- 
tite, sodalite, nephelite, albite, orthoelase and sphene. The study 
was made on hand specimens and nothing is yet known of its 
geological occurrence and connections. The same may be said of 
the rock from Litchfield, search in the field not yet having shown 
the source of the bowlders in which it occurs. This latter is 
shown to be a new variety of eleolite syenite in that the alkali 
feldspar is chiefly albite, not orthoclase. Hence regarding the 
albite as the most acid of the plagioclases, by a strict interpreta- 
tion of Rosenbusch’s system of classification, the rock would fal! 
among the theralites and to avoid this difficulty the author pro- 


poses to distinguish the variety by the name of “ Litchfieldite.” - 


This shows the rather unfortunate result of attempting to classify 
rocks by set schemes as if they were species. If we accept the 
conception held by most petrographers that eleolite-syenite is 
an alkali magma—rich in alumina, moderate in amount of silica, 
poor in ferro-magnesia and lime—erystallizing into a granular 
rock composed essentially of nephelite and alkali feldspar with 
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one or more members of the amphibole, augite or mica families 
present, and not according to the crystallographic nature of the 
essential feldspar, the name proposed seems hardly necessary. 

L. V. P. 

6. The Gems and Precious Stones of North America ; by 
Grorce F. Kunz.—An Appendix to this fine work, making pages 
337-367, has recently been issued. It gives much interesting 
matter, supplementary to the main volume, chiefly that which 
mineralogical investigation has brought out in the past two years. 

7. Muciferous System of Laminariacee, by GuigNarp (An- 
nales des Sciences Naturelles, 15, 1).—This study proves that 
certain genera of Laminariacee, such as Lessonia and Alaria, 
can comprise species which have no muciferous canals, while others 
possess them. We therefore must conclude that their presence 
or absence cannot offer any specific character. G. L. G. 

8. Researches on Multiple Buds, by W. Russett (Annales 
des Sciences Naturelles).—The principal conclusions which these 
researches have led the author to are: 

(1) Lateral buds can be produced at the expense of the con- 
stituent parts of the foliar axil, either at the expense of the stem 
alone, or more rarely, that of the leaf. In the inflorescence of the 
Linden, Cactacee, and so on, their appearance can take place upon 
the summit at the same time as that of the axillary leaf. 

(2) Every bud has at the commencement a double growth,— 
a proper growth, or one peculiar to itself, and a growth in com- 
mon with the organs which have formed it. The latter is in gen- 
eral much more rapid than the former, at least at the outset. 

(3) The majority of leafy buds, and numerous flower-buds, can 
send out branches at their base. 

(4) These buds are the origin of successive ramifications which 
accompany the bud of the first generation, and sometimes these 
possess no axillary leaves at all. 

(5) These successive ramifications, which are ordinarily desig- 
nated as accessory buds or multiple buds, behave at the outset 
just as axillary buds themselves. 

(6) The disposition of these buds always obeys the laws of 
phyllotaxy. 

(7) The basal ramifications have a well-defined biological réle. 
It is from these that many thorns and tendrils are produced, or 
modifications of inflorescence. 

(8) In the majority of cases these buds remain in the state of 
dormant buds, and are the origin of distortions which appear 
under certain circumstances in woody plants. Sometimes upon 
annuals they play the réle of hibernating buds, and permit the 
plant to grow from one year to another. ‘They can develop in 
the same year that they form, or in the following year, coinci- 
dental with the bud of the first generation. 

(9) We can show experimentally that the formation of these 
buds can continue throughout the whole life of the plant. This 
is well illustrated by Convolvulus, for example. 
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The principal results of these researches can be condensed into 
a single statement: the law of the unity of the axillary bud has 
absolutely no exception. G. L. G. 

9. Artificial intracellular Crystallization ; E. Betzune.—The 
author has shown conclusively that within the cell it is possible 
to produce artificial crystals of considerable size. His résumé, 
stated at considerable length by him, is condensed in the follow- 
ing shorter statement : 

(1) All these erystallizations can be produced by the simple 
means of placing living tissues in pure glycerine. This reagent 
produces an exosmosis more rapid than that of the crystallizable 
substance dissolved in the water. From this process the sap is 
carried to the point of saturation and must undergo an intracel- 
lular precipitation. 

(2) The most abundant principles which are contained in young 
plants which he has studied are asparagine, leucine, and neutral 
sulphate of potassium. The two amides crystallize in the cells 
simultaneously with the greatest facility. In Lupinus luteus, as- 
paragine, tyrosine, and sulphate of calcium are produced. The 
gypsum crystallizes in the tissues, for Cicer, xanthine and calcium 
sulphate. Xanthine has been hitherto unknown as a prodact of 
the normal activity of the plant. It crystallizes clearly in the 
cells, in very delicate filamentous forms. In Cucurbita pepo, as- 
paragine and potassium nitrate, can be very easily made to crys- 
tallize in all these cases. 

(3) The metamorphosis of protein and saline matters under 
these conditions is almost exactly like that which takes place in 
the ripening of a seed, so that we have really artificial aleurone 
grains formed, much as in a ripened seed. 

(4) What is the mechanism of the formation of these different 
products? Certain of the amides are produced from albuminoid 
matters by dilute acids or alkalies, as a consequence of the action 
of particular ferments, diastatic or peptonizing. So far as the 
mineral products, the nitrates and sulphates, are concerned, little 
can be said positively. The nitrates of germination, for example, 
are comparable with those salts of the same composition which 
result from bacterial fermentation of ammoniacal compounds, and 
the same remark applies to the sulphates of germination. G. L. G. 

10. On the Aeration of Solid Tissues ; Henrt Devaux.—(1) 
The internal atmosphere of all solid tissues contains a notable 
proportion of oxygen, in certain cases pretty nearly that which 
exists in pure air. 

(2) The proportion of carbonic acid is in general feeble. 

(3) The proportion of nitrogen is often different from that 
which exists in pure air, sometimes less, often more. F 

(4) The total pressure of the internal atmosphere differs from 
that of the exterior air, sometimes positively, more often nega- 
tively, and its ratio is always inverse to the proportion of nitrogen. 

(5) We may consider tubers, tubercles, fleshy fruits, and most 
solid organs as formed of a mass very porous in its character, 
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which is enveloped by a thin and porous membrane, less per- 
meable than itself. Sometimes this has no normal pores, for in- 
stance, in the apple, the orange. 

(6) It is probable that a gas which traverses the envelope can 
penetrate to the deepest part of the tissue. 

(7) The gas passes through the external envelope of solid 
masses, sometimes in the free state, and sometimes dissolved. 

(8) The changes which are produced at the surface depend on 
the permeability and the porosity of the peridermic membrane. 

(9) Oxygen tends to enter especially by the pores, while car- 
bonic acid escapes from the whole surface of the membrane. 
There exists a veritable circulation of these gases, but the circu- 
lation is only partial in the majority of instances. 

. (10) Humidity acts in a very variable manner on the composi- 
tion of the internal atmosphere, sometimes increasing permeabil- 
ity, sometimes diminishing it. 

(11) Slow or rapid drying diminishes permeability and causes 
a greater and greater accumulation of carbonic acid. 

(12) It is to these variations in the proportions of. oxygen and 
carbonic acid in the internal atmosphere that we must attribute 
the different values of pressure in the internal atmosphere. 

(13) According as the total pressure is stronger or weaker in 
the internal atmosphere, there is produced across the superficial 
pores an inward or an outward current. This gaseous current is 
purely mechanical, and can be regarded as a third series of 
exchanges. 

(14) Nitrogen is passively held in this gaseous current. 

(15) When the gas acquires a constant difference of pressure, 
in spite of the constant sweeping hither and thither, we must 
believe that the current is produced in some other way than by 
diffusion. <A constant circulation of nitrogen exists in the aérial 
parts of plants, but the circulation is purely passive. 

(16) Temperature increases or diminishes the intensity of res- 
piration, and this modifies the composition of the internal atmos- 
phere. 

(17) Light acts wherever green matter exists, sometimes 
through chlorophylline assimilation, and sometimes by the with- 
— of water, thus influencing the permeability of the mem- 

ranes, 

The mechanism of exchange can be summed up in the fol- 
lowing conclusion: Gaseous exchanges of all solid organs hitherto 
studied are produced in three different ways, which ordinarily co- 
exist, but which act with a variable intensity. These are, Effu- 
sion; Dialysis; and a purely mechanical passage of a gaseous 
current. 

Effusion. Diffusion of free gas across the pores of an envelope 
under the influence of differences of pressure proper to each gas. 

Dialysis. Diffusion of gas, dissolved, across the membrane 
under the same influence. 
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Gaseous current. General displacement of the total mass: of 

the mixed gases across the pores of the envelope under the influ- 
ence of the difference of total pressure which exists between the 
interior and the exterior. G. L. G. 
' 11. Bibliotheca Zoologica, I1.—This valuable and exhaustive 
work, under the editorship of Dr. O. Taschenberg, giving the 
titles of works and articles on Zoology which appeared between 
1861-1880, has reached its 10th Lieterung. This includes the 
last of the Mollusca and beginning of the Vertebrates, covering 
signatures 361 to 400, or pp. 2929 to 3248. 


III. MiscetLANEous SCIENTIFIC INTELLIGENCE. 


1. National Academy of Sciences.—At the meeting of the 
National Academy held in Baltimore, Nov. 1 to 4, 1892, the fol- 
lowing papers were presented : 


G. K. GitBert: The Evolution of the Moon. 

T. C. MENDENHALL: On the Observations for Latitude at Rockville. Md. On 
the Latitude Observations at Honolulu. The Use of Planes and Knife-edges in 
Pendulums. 

Tuomas B. OsporRNE: Crystallized Vegetable Proteids. Proteids of the Flax- 
seed. 

H. A. Row.anp: A Spectroscopic Analysis of the Rare Earths. A Table of 
Standard Wave-lengths. On the Motion of a Sphere in a viscous Fluid. 

G. H. Wiu1ams: Volcanic Rocks of South Mountain in Pennsylvania and 
Maryland. 

IrA REMSEN: On Some Curious Double Halides. Study of the Action of Light 
on acids in Solutions containing a Salt of Uranium. 

C. Barus: On Isothermals and Isometrics of Viscosity. 

W. K. Brooks: Significance of the Follicle of Salpa. Biological Relations of 
the oldest Fossils. 

E. D. Core: On the Vertebrate Fauna of the Blanco Epoch. 

S. C. CHANDLER: On the Motion of the Earth’s Pole. 

C. S. Hastings: Recent Improvements in Astronomical Telescope. 

GrorcEe K. Hae: Exhibition of Photographs illustrating new methods and 
results in Solar Physics. , 

GrorGE EK. Squier and FRANK A. Wo Fr, JR.: Some effects of Magnetism on 
Chemical Action. 


Volume V of the Memoirs of the Academy, which has just 
appeared, is a large quarto of about 600 pages with many plates. 
The following are the papers it contains: On energy and vision 
by S. P. Langley ; Contributions to Meteorology by Elias Loomis ; 
Report of studies of atmospheric Electricity by T. C. Mendenhall ; 
Embryology and metamorphosis of the Macroura by W. K. 
Brooks and F. H. Herrick; Application of interference methods 
to astronomical measurements by A. A. Michelson. 
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* This Index contains the general heads Borany, CHEMISTRY, GEOLOGY, MINERALS, 
OBITUARY, Rocks, and under each the tities of Articles referring thereto are mentioned. 
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CHEMISTRY — 
Silver and alkali-metals,double halides 
of, Wells and Wheeler, 155. 
chlorides, Lea, 444, 446. 
hemisulphate, Lea, 322. 
notes on, Lea, 444. 
oxide, estimation and dehydration 
of, Lea, 249 
Strontium separated from calcium, 
Browning, 462. 
Clarke, F. W., constitution of ptilolite 
and mordenite, 101. 
Clarke, J. M., list of species of the 
Oriskany fauna N. Y., 411. 
Claypole, Palzeaspis of. 428. 
Color of compounds and their chemical 
constitution, Schiitze, 252 
of solutions of salts as affected by 
the concentration of the ions, Line- 
barger, 416. 
photography, Lippmann, 75, 499; 
Vogel, 423. 
system, Rood, 263 
Conwentz, von H , Untersuchungen iiber 
fossile Hélzer Schwedens, 260. 
Crehore, A. C., effects of self-induction 
and distributed static capacity in a 
conductor, 389. 
Cross, W., post-Laramie deposits of 
Colorado, 19; new occurrence of ptilo- 
lite, 96. 


D 
Dana, J. P., Jura-trias trap of New 
Haven region, 165. 
Danner, E. W., interaction of potassium 
permanganate and sulphuric acid, 301. 
Darton, N. H., fossils in the Archean 
rocks of Central Virginia, 50, 


‘Daubrée, Work on Experimental Geol- 


ogy, 499. 

Day, D. T., Mineral Resources of the U. 
S., 430. 

Delgado, J. F. N., chiastolite from Por- 
tugal, 79. 

Dewey, F. P.. catalogue of collections in 


Economic Geology in the U. S. Mu- | 


seum, 259. 
Diller, J. S., mica-peridotite from Ken- 


tucky, 286; geology of the Taylor- | 


ville region, California, 330. 
Dumble, EK. T., Geol. survey of Texas, 
427. 


E 
Eakins, L. G., new occurrence of ptilo- 
lite, 96. 
Earthquake, the great Japan, 
Milne and Burton, 80. 


1891, | 


INDEX. 


Electrical conductivity of rock magmas, 
Barus and Iddings, 242. 
discharge, action on gases and va- 
pors, Ludeking, 254. 
oscillations, Toepler, 423; Zehnder, 
498, 
resistance of allotropic silver, Over- 
beck, 424; of the human body, 
von Frey, 76; of metals, Dewar 
and Fleming, 499. 
waves, absorption power of metals 
for the energy of, 498. 
Electricity of waterfalls, Lenard, 423. 
Electrification and cloud condensation, 
Aitken, 254. 
Electromagnetic and electrostatic units, 
ratio between, Abraham, 254. 
Electrometer, capillary, Whitmore, 64. 


F 


Ferry, E. S., persistence of vision, 192. 
Fossil, see GEOLOGY. 


G 

Gannett, H., dictionary of altitudes in 
the United States, 262 

Geikie, A., history of volcanic action in 
the British Isles, 76. 

Genth, F. A., penfieldite, a new species, 
260; contributions to mineralogy, No. 
54, 381. 

Geological society of America, 
Rochester meeting, 333. 

GEOLOGICAL REPORTS AND SURVEYS— 
Alabama, 1892, Smith, 78, 427. 
Arkansas, 1890, Branner, 332; Pen- 

rose, 428. 

Towa, 500. 

Kentucky, 1890. 1891, Procter, 78. 

New Jersey, 1891, Smock, 77. 

New York, Palzontology, vol. viii, 
Hall, 330. 

Texas, Dumble, 427. 

GEOLOG Y— 

Archean of Central Virginia, fossils 
from, Darton, 50. 

Artesian boring in Texas, Hill, 406. 

Artesian and underground waters in 
Texas, etc., Hill, 333. 

Brachiopoda, development, 
Beecher, 133. 

Cambrian rocks of Pennsylvania and 
Maryland, Walcott, 469; of Vir- 
ginia, etc., Walcott, 52. 

Chiastolite in fossiliferous slates of 
Portugal, Delgado, 79. 

Claosaurus and Ceratosaurus, restora- 
tions. Marsh, 343. 

Coral Islands off New Guinea, up- 
raised, Macgregor, 256. 


81; 


ii, 


INDEX. 


GEOLOGY— 

Cretaceous of northwestern Montana, 
Wood, 401. 
Paleontology of, on Staten Is., Hol- 
lick, 259. 

Cycadean remains, Capellini and 
Solms- Laubach, 336. 

Devonian fossils, Whiteaves, 429. 

system of eastern Pennsylvania, 

Prosser, 210. 

Fauna at the base of the Burlington 
limestone in Missouri, Keyes, 447. 


Fossil flora of the Bozeman coal field, - 


Knowlton, 334. 
plants in glaciated regions, Nath- 
orst, 336. 
Geology of the Taylorville region, 
California, Diller, 330. 


| GEOLOGY— 


Glacial epoch, unity of, Wright, 351. | 


pot-holes in California, Turner, 
453. 
Glaciation in the Finger-Lake region, 
N. Y., Lincoln, 290. 
Glaciers, periodic variations in, Forel, 
342 


Gold deposit at Pine Hill, California, 

‘ Lindgren, 92. 

Gulf of Mexico as & measure of isos- 
tasy, McGee, 177. 

Jura and Trias, Taylorville, California, 
Hyatt, 330. 

Jura-trias trap of New Haven region, 
Dana, 165. 

Kilauea in April, 1892, Bishop, 207. 

Laurentian and Huronian of Lake 
Huron, relations of, Barlow, 236. 


Voleanice action in the British Isles, 
history, Geikie, 76. 


rocks of South Mt., in Pennsy]- 


vania and Maryland, Williams, 482. 


Whetstones and novaculites of Ar- 


kansas, Griswold, 332. 


Gooch, Frank A., iodometric determina- 


tion of nitrates, 117; convenient forms 
of laboratory apparatus, 239; inter- 
action of potassium permanganate 
and sulphuric acid, 301; rubidium de- 
termined by the spectroscope, 392. 

Griswold, L. S:, whetstones and novac- 
ulites of Arkansas, 332. 

Gruener, H. W., 10dometric determina- 
tion of nitrates, 117. 


H 


| Hall, J., the genera of Paleozoic Bra- 


Lower Silurian Lamellibranchiata, 


new, Ulrich, 79. 
Mannington oil-field, White, 78. 
Mastodon Americanus, Cuvier, restor- 
ations, Marsh, 350. 
Mesozoicvertebrate fossils Marsh, 171. 
Oriskany fauna in Columbia Co, N. 
Y., new lower, Beecher and Clarke, 
410, 411. 
Palzaspis, Claypole, 428. 


Post-Laramie deposits of Colorado, 


Cross, 19. 

Petroleum, natural gas, etc. of west 
Kentucky, Orton, 78. 

Sharon, coal of N. K. Ohio, quartz 
bowlder in, Orton, 62. 

Shear-zone in the Adirondacks, Kemp, 
109. 

Siliceous beds in the Kocene of New 
Zealand, Hinde and Holmes, 259. 
Sylloge fungorum fossilium, Meschi- 

nelhi, 335. 
Terraces in glaciated regions, origin, 
Tarr, 59. | 


chiopoda, 330. 

Headden, W. P., alloys of .tin and iron, 
464, 

Heat conductivity, change of, Barus, 1. 

Hill, R. T., artesian and underground 
waters in Texas, etc., 333; artesian 
boring in Texas, 406. 

Hollick, A., Paleontology of the Creta- 
ceous on Staten Is., 259. 

Howell, EK. E., Mt. Joy meteorite, 415. 

Hyatt, A., Jura and Trias, Taylorville, 
California, 330. 


I 


Iddings, J. P., electric conductivity of 
rock magmas, 242; origin of igneous 
rocks, 257; eruptive rocks of Yellow- 
stone Nat. Park, 429. 

Incandescent lamps, age-coating in, 
Nichols, 277. 

Isostasy, Gulf of Mexico as measure of, 
McGee, 177. 


J 
Japan, the great earthquake, Milne and 
Burton, 80. 


K 
Kemp, J. F., great shear-zone in the 
Adirondacks, 109. 
Kentucky, Geol. survey, Procter, 78. 
Keyes, C. R., fauna at the base of Bur- 
lington limestone in Missouri, 447. 


Knowlton, F. H., fossil flora of the 


Bozeman coal field, 334. 


Kunz, G. F., Gems and precious stones 


of North America, 501. 
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Laboratory apparatus, Gooch, 239. 

Landauer, J., Blowpipe Analysis, 80. 

Lea, M. Carey, estimation and dehydra- 
tion of silver oxide, 249; silver hemi- 
sulphate, 322; notes on silver, 444; 
silver chlorides, 446. 

Lincoln, D. F., glaciation in the Finger- 
Lake region, N. Y., 290. 

Lindgren, W., gold deposit at Pine 
Hill, California, 92. 


Linebarger, C. K., relations between the | 


surface tensions and chemical consti- 
tution of liquids, 83; concentration 
of the ions as affecting the color of 
salt solutions, 41¢. 

Ludeking, C., synthesis of crocoite and 
pheenicochroite, 57. 


McGee, W. J., Gulf of Mexico as a 
measure of isostasy, 177; Pleistocene 
history of northern Iowa, 500. 

Macgregor, W., upraised Coral Islands 
off New Guinea, 256. 

Magnetic circuits. joints, Ewing, 499. 

and earth current phenomena, re- 
lation between, Ellis, 424. 

field, mapped by photography, 
Thwing, 374. 

Marsh, 0. C., Mesozoic vertebrate fos- 
sils. 171; restorations of Claosaurus 
and Ceratosaurus. 343; restorations of 
Mastodon Americanus, Cuvier, 350. 

Mathematicians and Astronomers, Con- 
gress, 81. 

Mechanics, Theoretical, Spencer, 256. 

Meschinelhi, A., Syiloge fungorum fossil- 
ium, ete., 335. 

Meteoric iron, Kenton Co., Ky., Preston, 
163. 

Meteorite, Mt. Joy, Penn., Howell, 415. 

Washington Co, Kansas, Preston, 
400. , 

Meyer, L., Outlines of Theoretical Chem- 
istry, 255. 

Meyer, R., Jahrbuch der Chemie, 72. 

Millar, C. C. H., Florida, South Carolina 
and Canada phosphates, 342. 

Milne, J., great earthquake of Japan, 
1891, 80. 


Mineral resources of the U. &., Day, | 


430. 

MINERALS— 
Aguilarite, 381. 
Basilite, Sweden, 261. 


Crocoite, synthesis, 57. Cyrtolite, Col- 


orado, 387. 


INDEX. 


| MINERALS— 
Danalite. W. Cheyenne Cafion, 385; 
Cornwall, 430. 
Fuchsite, Habersham Co., Ga., 388. 


Garnet, Buckfield,.Me., 79. Graphi- 
tite, 497. 

Herderite, Hebron, Me., 114. 

Lepidolite, Japan, 387. Léllingite, 
North Carolina, 384. 

Masrite, Egypt, 261. Metacinnabar- 


ite, Orange Co., Calif., 383. Mor- 
denite, constitution, 101. 

Penfieldite, 260. Phzenicochroite, syn- 
thesis, 57. Polybasite, Aspen, Col., 
15. - Ptilolite, Custer Co., Col., 96, 
101. 

Quartz, from the alteration of flesh- 
colored orthoclase, W. Cheyenne 
Cafion, 385. 

Rutile, Colorado, 384. 

Sjogruvfite, Sweden, 262. 

Tennantite, Aspen, Col., 15. 

Yttrium-caleium fluoride, 
386. 


Colorado, 


N 


Natural Science, a mouthly review, 170. 

New Jersey, Geol. report, 1891, Smock, 

Nichols, E. L., age-coating in incandes - 
cent lamps, 277. 


0 

OBITUARY— 
Rutherfurd, L. M., 82. 

Orton. E., quartz bowlder in the Sharon 
coal of northwestern Ohio, 62; Petro- 
leum natural gas and asphalt rock of 
W. Kentucky, 78. 

Osteology of Poébrotherium, Scott, 428. 


P 


Paléontologie végétale, Zeiller, 334. 

Paleontology, see GEOLOGY. 

Pearce, 8. H., polybasite and tennantite 
from Aspen, Col., 15. 

Peloponnesus, geology of, part II, Phil- 
ippson, 79. 

Penfield, S. L., polybasite and tennantite 
from Aspen, Col, 15; crystallogra- 
phy of alkali-metal pentahalides, 42; 
herderite from Hebron, Me., 114; 
crystallographic notes on alkaline 
iodates, 123; crystallography of 


| double halides of silver and alkali- 
metals, 155; crystallography of the 
cesium and rubidium chloraurates 


phy of cesium-mercuric halides, 311; 
crystallographic notes, 381. 

Penrose, R. A. F., Geol. survey of Ar- 
kansas, 428. 

Philippson, A., geology of the Peloponne- 
sus, part II, 79. 

Phinney, J. I., rubidium determined by 
the spectroscope, 392. 

Phosphates of Florida, South Carolina, 
and Canada, Millar, 342. 

Photography, color, Lippmann, 75, 499; 
Vogel, 423. 
Physical and chemical phenomena at 
very low temperatures, Pictet, 253. 
Physics, advanced course, Barker, 426. 
Preston, H. L., meteorite, Washington 
Co., Kansas, 400; new meteorite from 
Kenton Co., Kentucky, 163. 

Procter, J. R., Kentucky, Geol. survey, 

Prosser, C. S., Devonian system of east- 
ern Pennsylvania, 210. 


R 
Radiation between 15° C. and 100° C., 
discussion of formule for, Stevens, 
431. 
Riggs, R. B., separation of magnesium 
chloride from the chlorides of sodium 
and potassium, 103. 
Rocks— 
Diabase of N. Jersey, contact phe- 
nomena, Andres and Osann, 500. 
Eleolite-syenite of Litchfield, etc., 
Bayley, 500. 

Eruptive rocks, Yellowstone Nat. 
Park, Iddings,-429. 

Granite of Durbach, Sauer, 429. 

Igneous rocks, origin, Iddings, 257. 

Lavas of Mt: Ingalls, California, Tur- 
ner, 455. 

Mica-peridotite, Kentucky, 286. 

Ottrelite in a metamorphic conglom- 
erate in the Green Mts., Whittle, 
270. 

Volcanic rocks of South Mt., Penn- 
sylvania, G H. Williams, 482. 

Rood, O. N., color system, 263. 

Royal Society of London, Catalogue of 
scientific papers, 1874-1883, 170. 

Ruhmkorff coil, discharge, Moll, 73. 


Sauer, A., granite of Durbach, 429. 
Scott, W. B., Osteology of Poébrotheri- 
um, 428. 
Self-induction and static capacity in a/| 
coaductor, Bedell and Crehore, 389. 
Silver, see CHEMISTRY. 
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and bromaurates, 157; crystallogra- | 
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Smith, E. A., Geoi. survey of Alabama, 
1892, 78, 427. 

Smock, J. C., New Jersey Geol. report, 
1891, 77. 

Specific inductive capacity of a dielectric, 
Trouton and Lilly, 254. 

Spencer, J., Theoretical Mechanics, 256. 

Stevens, VY. LeC.. comparison of form- 
ule for total radiation, 431. 

Surface tension and chemical constitu- 

tion of liquids, Linebarger, 83. 


T 

Tarr, R. S., origin of terraces in gla- 
ciated regions, 59. 

Temperature of the circumpolar region, 
430, 

Temperatures, measurments of high, Hol- 
born and Wien, 499. 

Texas Geol. survey, Dumble, 427. 

Thermal variation of viscosity and elec- 
trolytic resistance, Barus, 255. 

Thwing, C. B., photographic mapping 
the magnetic-field, 374. 

Tin and iron, alloys of, Headden, 464, 

Trowbridge, J., physical abstracts, 75, 
253, 423, 498. 

Turner, H. W., glacial pot-holes in Cali- 
fornia, 453; lavas of Mt. Ingalls, Cali- 
fornia, 455. 


U 


Uhler, P. R., Albirnpean studies, 333. 
Ultra red rays, dispersion, Rubens, 76. 


Vapor density under diminished pres- 


sure, Schall, 72. 
Vision, persistence of, Ferry, 192. 
Volcanic, see GEOLOGY. 


W 
Walcott, C. D., Cambrian rocks of Vir- 
ginia, etc, 52; Cambrian rocks of 
Pennsylvania and Maryland, 469. 


Washington Philosophical Society, Bulle- 


tin, 258. 


Wells, H. L., alkali-metal pentahalides, 


42; herderite from Hebron, Me., 114; 
double halides of silver aud the alkali- 
metals, 155; czesium and rubidium 
chloraurates and bromaurates, 157; 
cesium-mercuric halides, 221. 


Wheeler, H. L., alkali-metal pentaha- 


lides, 42; alkaline iodates, 123; 
double halides of silver and the alkali- 
metals, 155; cesium and rubidium 
chloraurates and bromaurates, 157. 
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White, I. C., Mannington oil-field, 78. | Wisconsin Academy of Sciences, trans- 

Whiteaves, J. F., Devonian fossils, 429.| actions, 262. 

Whiteley, R. L., Chemical calculations, Wood, H., Cretaceous of northwestern 
73. | Montana, 401. 

Whitmore, J., method of increasing the | Wright, G. F., unity of the glacial epoch, 
range of capillary electrometer, 64. | 351. 

Whittle, C. L., an ottrelite-bearing phase | 
of a metamorphic conglomerate in the 
Green Mts., 270. | Z 

Williams, G. H., volcanic rocks of | Zeiller, R., Paléontologie végétale, 334. 
South Mt., in Pennsylvania and Mary- | Zoologica, Bibliotheca, Taschenberg, 
land, 482. | 504, 
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LITTELL’S LIVING AGE 


1844. In 1898 will enter its YEAR OF JUBILEE, 


hence a retrospective glance at its history may be now appropriately taken. 
In establishing this magazine its founder sought to present in convenient 
form a history of the world’s progress, by selecting from the whole wide field 
of European Periodical Literature,the best articles by the most eminent 
writers in every department, Biography, History, Literature, Travels, Science, - 
Politics, Art, Criticism, in a word, “de omnibus rebus,” including Fiction 
and Poetry. 
The plan thus originally proposed has been faithfully followed during the 
forty-nine years of its existence, with what measure of success the uniformly 
high character of the articles presented to its readers for 2530 Consecutive 
Weeks and the contents of its 195 Octavo Volumes sufficiently attest. 


1893. 
A.D. 1844. “I have never seen any similar publication of equal merit.” —GrorGE Ticknor, August, 1844. 
A.D. 1869. “Still as fresh, as racy, as enchanting, and full to the brim of scientific value, as when it rejoiced 
in its first year.” — ALFRED B, STREET, in Albany Evening Fournal, Nov., 1809. 
A.D. 1892. ‘ Only the best has ever filled its pages; the best thought, rendered in the purest English. Nothing 
poor or unworthy has ever appeared in the columns of The Living Age.” —THE PresBYTERIAN, Philade(phia, 
13th April, 1892. 


In the coming year THE LIviING AGE will continue to be 
THE REFLEX OF THE AGE IN WHICH IT LIVES. 


Fiction will still occupy its accustomed place in the magazine and the exquisite short stories 
which appear in every number and which have been so well received during the past year will 
remain a prominent feature of this department. 

OBSERVE! Tue Livine AGE isa Weekly Magazine of sixty-four pages, giving more than 

THREE AND A QUARTER THOUSAND 
double column octavo pages of reading matter yearly, forming four large volumes, thus pre- 
senting a mass of matter 


UNEQUALLED IN QUALITY AND QUANTITY 
by any other publication in the country. 
The Boston TRANSCRIPT of Sept. 3, 1892, says of THE LIvING AGE: “Wo well-ordered 
and intelligent household should be without this publication.” 
That every such household may be induced to subscribe for the magazine, extend its 
sphere of usefulness and double its circulation during the coming year, the publishers make 
the following 


OFFER EQUAL TO THE BEST EVER PRESENTED 
for the consideration of an intelligent and cultured class of American readers, vz. 
LITTELL’S LIVING AGE, One Year, Postpaid, - - - $8.00 
$13.00 } RIDPATH’S HISTORY OF THE U.S. OF AMERICA, ° sani For $8.50 
This splendid offer is open to all subscribers, old and new altke. 


““RIDPATH'S HISTORY OF THE UNITED STATES,”’ 

by Joun Clark Rippatu, LL.D., author of the “History of the World,” etc., has received the emphatic 
endorsement of leading educators and of the press of America. 

Prof. M. J. Wxitney, Houghton, Mich., says, ‘‘ Your history of the United States is the best work upon the 
subject that has ever come under my observation. The historical charts alone are worth the price of the book. 

on. Epmunp H, Bennett, Professor of Law, Boston University, says, “‘ Ridpath’s History combines many 

new and valuable features, and is written in a graphic and vivid style. I regard it as the most valuable history of 
our country yet published.” 


The publishers of THE LIVING AGE are having prepared for their use A SPECIAL 
EDITION of this great work, which by the addition of new matter appearing in no previous 
edition, will bring the history down to the present time. It will be printed in bold, clear 
type on heavy, white, book paper and bound in extra fine cloth, making one large Royal Oc- 
tavo volume of over 800 pages. 

For two New Subscribers. We will send Rippatn’s History free to anyone sending us two xew sub- 
scribers to The Living Age, and the subscription price, $16.00. 

No one should delay in taking advantage of the remarkable opportunity here presented to become the possessor of 
4 copy of this valuable history at the nominal price of 50 cents. Send for descriptive circulars. 


The prices given in the above “OFFERS” include postage on Tuk LivinG AGE only. The book must be 
sent at the subscriber's expense. 

THE Livinc AGE is published weekly at $8.00 a year, free of postage. : 

ie TO NEW SUBSCRIBERS for the year 1893, remitting before Jan. 1, will 
be sent »vazis the two October issues containing'a powerful story by Frank Harris, editor of 
THE FortNIGHTLY REVIEW, extitled PROFIT AND Loss, and also the numbers of 1892 pub- 
lished after the receipt of their subscriptions. 


I@> The publishers continue their popular clubbing arrangements whereby one or more 
other periodicals may be obtained at greatly reduced prices. 

YF Clubbing rates and circulars more fully describing the history will be sent on appli- 
cation. Sample copies of THE LIvinNG AGE 15 cents each. 


Address LITTELL & CO., 31 Bedford St., Boston. 
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difficultly soluble or insoluble, ete. 


ERRATUM.—Page 468, line 11 should read: 


